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Sir: 

Declaration of Dr. Thomas E. Sauber Pursuant to 37 CFR 61.132 

I, Thomas E. Sauber, am a citizen of the United States of America, residing at 
5744 Wentworth Dr., Johnston, Iowa 50131, and I declare as follows: 



1 . 1 am a graduate of the University of Minnesota with a B.S. degree granted in 
1979 in Biological Sciences. I received an M.S. in Animal Nutrition in 1994, and a 
Ph.D. in Animal Nutrition in 1996 from Iowa State University (awarded the National 
Pork Producers Council Innovative Research Award and the Iowa State University 
Research Excellence Award). Since 1996 I have been employed by Archer, Daniels, 
Midland (1996), Pioneer Hi-Bred International (1996-1997), Optimum Quality Grains 
(a subsidiary of E. I. du Pont de Nemours and Company, 1998-1999), DuPont 
Specialty Grains (2000-2001), and Pioneer Hi-Bred International ((a subsidiary of E. I. 
du Pont de Nemours and Company, 2001 -present) directing and conducting research 
in developing novel feed for livestock, and feeding studies of livestock. I have been 
actively engaged in the pork industry for over 20 years. I was a partner in a feed 
formulation, manufacturing and distribution business in Northwest Iowa (1982 to 
1990). During that time we manufactured feed for pork, beef and dairy customers. 
My responsibilities included ingredient purchasing, feed formulation and contract 
management. From 1996 to present I have been in a variety of feed related technical 
and business roles for Pioneer Hi-Bred International and the DuPont Company. I 
have extensive experience in animal feeding studies, commercial grain production, 
nutritional studies on animal feed, and sales and distribution of animal feed. 
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2. I have reviewfed the Office Action dated 21 March, 2002. I understand that 
this declaration is being submitted to address the concerns raised with respect to 
enablement, in particular, the concern that "carcass quality improving amount" and "it 
is highly unpredictable as to how feeding regimes will effect the carcass quality of 
animals" are not well understood terms or reproducible processes known to one 
skilled in the art. Furthermore, it is stated on page 5 of the Office Action that due "to 
the broad nature of the claims, the lack of guidance in the specification or in the prior 
art, the high level of unpredictability with regard to the effects of feeding regimes on 
animal carcass quality, the lack of working examples, and the high level of 
experimentation necessary to determine the methodology necessary to practice the 
claimed invention, it is concluded that undue experimentation would be required to 
practice the claimed invention.", The data and literature presented herein 
demonstrates that carcass quality can be reproducibly improved through feeding 
regimens, and particularly, that the feeding of high-oleic grain can improve carcass 
quality. 

3. Submitted herewith is a copy of an index from the Optimum® High Oil Corn 
Technical Information and copies of a number of the articles mentioned therein. Also 
included are copies of some articles from Nutritional Insights which appears on the 
Pioneer Hi-Bred International, Inc. web site and a copy of a May/June 1999 article 
from Feed Lot, Vol. VII, No. 3, appearing on its website regarding the use of Optimum 
High Oil Corn to improve performance and carcass quality, specifically, in cattle beef. 

The Nutritional Insights article entitled "Benefits of Feeding Optimum® High Oil 
Corn To Finishing Beef Cattle Research Studies to Determine Feeding Value 
(Summary) indicates that Optimum® High Oil Corn can effectively replace 100% of 
typical corn and up to 3% added fat in finishing beef cattle diets. Cattle fed with this 
high oil corn, according to the studies, generally produced carcasses having a 
higher% choice or better than those fed typical corn without added fat. 

Copies of the articles discussing the Colorado study, Idaho Study and the Iowa 
Study are included herewith. 

The articles describe the feeding trials and how they were conducted. Carcass 
quality data is presented on page 2. 

The University of Idaho feeding trial demonstrated that feeding high oil corn 
improved the marbling scores and carcass quality grades of finishing beef steers 
compared to those fed typical corn. The conditions for the feeding trial are set forth 
on the first page and Carcass Quality data is set forth in Table 5. It is stated on page 
1 that the "Idaho trial used 60 head of yearling Angus-cross steers that averaged 906 
pounds and were fed in an 84-day finishing trial. Three treatments of 20 head each 
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were evaluated as: 1) control (typical corn), 2) high oil corn, and 3) high oil corn fed at 
a level isocaloric to control (increased roughage level). All corn was dry rolled and 
fed in a total mixed ration. The rations were iso-nitrogenous by adjusting the urea 
level in the diet. The high oil corn averaged 7.04% while the normal corn averaged 
4.86% oil on a dry matter basis. Steers were fed to appetite twice daily using 
individual electronic gates and were implanted with Synovex-SO at the start of the 
trial. . . ." 

The Iowa study reported that there "were no effects of feeding high oil corn on 
carcass characteristics, except there were more choice carcasses from the steers fed 
high oil corn as compared with the control." 

The DuPont Specialty Grains articles present feeding trials involving pork, beef 
and poultry. The feeding regimens are set forth and are fairly detailed. The studies 
took place in the 1991-1999 time frame. 

Clearly the information set forth in these articles shows that those skilled in the 
art know how to adjust feeding regimens and that to the extent any experimentation is 
needed it is not undue. The wealth of information presented in these articles shows 
how different animals are fed, what they are fed, how the diets are adjusted and 
how the improvement in carcass quality is assessed. 

4. Five additional references are included to demonstrate that feeding studies 
involving pigs show a clear, reproducible, and rapid alteration of carcass quality when 
oil compositions of the feed are modified (Whittington et al. (1986) J.Sci.Food Agric. 
37:753-761; Myer etal. (1992) J.Anim.Sci. 70:3734-3741; Hansen (2001) 
Proceedings of the Carolina Nutrition Conference. Raleigh, NC; Madsen et al. (1992) 
Anim. Sci. 42:220-225; and Gatlin et al. (2002) J. Anim. Sci. 80:1606-1615). 
Applicants have selected these five publications as a representative sample of 29 
publications that can be made available to the examiner if additional information is 
required. 

Whittington et al. conclude that lowering the amount of linoleic acid, an 18:2 
polyunsaturated fatty acid, in the feed results in a lowering of polyunsaturated fatty 
acids (PUFAs) in the fat of the pigs. This improves the carcass quality of the animals 
by increasing the firmness of the pork fat. Myer et al. concluded that pigs fed a high 
oleic (18:1 monounsaturated fatty acid) diet , that was low in PUFAs, resulted in 
carcasses with increased saturated fat and lower PUFAs. Hansen concludes that 
dietary fat is the primary factor in swine feed that determines carcass quality 
characteristics. Furthermore, short-term feeding that results in carcass quality change 
is tightly linked to fat type or level of the feed. Hansen claims that these types of 
results are clear and predictable. Madsen et al. review the relationship of oil 
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composition in pig feed to various parameters of carcass quality. The general 
conclusion, relevant to the present invention, is that high levels of PUFAs increases 
fat softness (an undesirable trait) and shortens shelf-life (the fat goes rancid faster 
than more saturated fat). Gatlin et al. further refine the composition of the feed to 
increase mono-unsaturated and lower PUFAs, which results in improved fat firmness 
in as little as 6-8 weeks of feeding. 

Clearly the information set forth in these articles shows that those skilled in the 
art know how to adjust feeding regimens and that to the extent any experimentation is 
needed it is not undue. The wealth of information presented in these articles shows 
how different animals are fed, what they are fed, how the diets are adjusted and 
how the improvement in carcass quality is assessed. 

5. It is possible to show that dietary fat and pork carcass quality are related by 
plotting the iodine values (IV, an indicator of the degree of fat saturation or hardness) 
of pork fat taken from animals fed varying dietary feed compositions. Data presented 
in the Madsen reference (pork IV - 47.1 + (0.14 x IVP))and data from a separate 
study (Boyd (1995) "Effect of dietary linoleic acid intake on body fat deposition of 
linoleic acid in growing pigs" PIC USA Franklin, KY; pork IV = 52.4 + (0.315 x IVP)) 
were plotted below and both show a clear correlation between dietary fat and pork 
carcass quality. The fact that the two unrelated studies both show approximately 
parallel responses is taken as further evidence that feeding and resulting carcass 
quality are reproducible phenomena. Trial data points on the graph below represent 
combined results from feeding studies of Trial COSW1 1200100 (typical corn, 60% 
high oleic corn, and combinations of corn oil and high oleic sunflower oil were used to 
simulate the transgenic corn oil composition) and Trial COSW01SWG003 (typical 
corn, 60% high oleic corn and 80% high oleic soybeans fed individually and in 
combination) that I conducted in 2000 and 2001 . These results are consistent with 
previous results and demonstrate that high oleic corn would be expected to improve 
the carcass quality of feed animals. 
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6. Regarding Machev et al. which is described on page 4 of the Office Action 
as disclosing that "completely replacing maize with barley in animal feed had no 
significant effect on the slaughter and commercial value of pigs (ABSTRACT, p.26). . 
. .", it is noted that this article does not appear to disclose the composition of the 
"grower mixture" and "finisher mixture" used in the feeding studies except to say that 
grain is 74% and 80% (respectively) of the feed. It is not clear what constituted the 
remainder of the feed. Given this, it is not appropriate to conclude anything since the 
unknown components may have contributed to the overall outcome. It is possible 
that if one of ordinary skill in the art was aware of all of the composition of the feed it 
may have been understandable as to how the feeding regimen affected carcass 
quality. 

In addition, the examiner states that the replacement of barley for corn in the 
animal feed of the Machev article would be expected to have a greater effect on 
carcass quality than the replacement of high-oleic corn (of the present invention) for 
wild-type corn. As shown in the table below the composition of high oleic corn to 
typical corn is significantly different from both typical corn and barley, particularly with 
respect to PUFA content, which as stated above, has a demonstrable effect on 
lowering carcass quality. This is further shown by the iodine value, which is an 
indicator of oil saturation or hardness. Therefore, it is believed that one would expect 
a greater effect on carcass quality from substituting the grain of the present invention 
than replacing corn with barley. 
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Thus, it is respectfully submitted that the determination of such factors does 
not involve undue experimentation and is well within the ordinary level of skill in the 
art at the time the invention was made. 



6. Further, I declare that all the statements made herein of my own knowledge 
are true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or 
both, under section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application or any patent issued 
thereon. 
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Dietary Influences of Pork Quality and Practical 
Solutions to Quality Problems 

Jeffrey A, Hansen, Ph D 
Murphy-Brown LLC 

Executive Summary 

While many dietary factors can be found in the rfegcarcji to e xert in fluenc e over pork carc ass imalitYiOnly 
one is of significant pratical cjmsej^jem^ Fat is an ecoliomTcairy important ingredient to swine 

producers, particularly in the Southeast where corn price is high due to the coat of transport from the 
Midwest and fat prices are low because of high supplies of restaurant grease, In the Southeast, the fat;corn 
price ratio has historically fallen been between 2: J and 3:1, a range which will consistently result in 
substantial feed cost savings. Also, because energy cost accounts for about 80% of the cost of feeding 
swine, and fat is an energy source, the question of whether or not to feed fat is one of the most important 
economic questions when formulating swine diets. 

History and research clearly demonstrate that the type and quantity of fat fed to swine can influence the 
composition of fat observed on the carcass. The Industry has selected hogs for greater leanness, and we 
have now completed the transition nationwide to reflect these genetic changes. Accordingly, the problem 
of soft-fat has increased because of less total fat on the animal and because the type of fats available for 
feeding have shifted from saturated animal fat to unsaturated vegetable oils. It is this combination that has 
led up to the current situation and the predominant reason for the differences in fat quality between 
production regions in the U.S. 

Iodine value (IV) fs an indicator of the degree of fat saturation or hardness and in swine this figure will 
generally run between 60 and 100, A lower IV indicates harder fat (e.g., 45, tallow), and a higher number 
softer (130, soybean oil). Interestingly, if we feed a diet low in fat, the animal will manufacture and store a 
fat that contains very high quantities of highly saturated (hard) fat and h indicative of historical feeding 
trends for Midwestern fanners. However, as the fat content of the diet increases, the animal will take those 
fats from the diet and store them in their fat reserves, thus resembling more closely the type of fat being 
fed. Therefore, carcass IV js modified both by changes in the type of fat fed and the quantity of fat fed. 

Because carcass IV is related to both the (V of the fat fed and the quantity of the fat fed, researchers created 
a mathematical equation that attempts to predict carcass JV based dietary measures. Iodine value product 
(I VP) is a calculation based diet coropo$ition that reflects the total amount of IV fed io the animal. This 
measure is incorporated into the formulation method, allowing targets to be set and economic evaluations 
conducted to assess the cost of modifying carcass IV. 

Ii is important to Also recognize that the cost of changing carcass IV targets is considerable, and the amount 
of variance from group to group large. The standard deviation in the carcass results can range from 3.5 to 
4.5, suggesting that one must carefully weigh decisions to make adjustments in carcass IV because the 
results can be misleading due to normal variance. In order to detect a 1 point change in IV, one must 
measure 320 carcasses, or 80 carcasses must be measured to detect a 2 point shift using standard statistical 
power tests, Therefore, one must be careful not to over-interpret system results where changes have been 
made, without giving due consideration to the normal variance among and within groups. 
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Murphy-Prown l-UC has used IVP formulation to modify carcass IV. Rcsulu indicate that the PIC 
equation is not accurate for the Murphy/Smithfield system for absolute cocoas IV prediction. However, 
results indicate that the equation will reasonably predict relative changes in carcass IV due to diet (VP 
changes. Also, the data demonstrate that by feeding diets with lower fat and consequently lower IVP, 
carcass i V will be reduced (such a* wheat feeding, tallow feeding, or reduced fat diets). It is recommended 
that producers use the ] VP formulation method, but refine the prediction equations to fit their own 
production and processing systems. 

An Introduction to Soft Fat 

Issues of soft-fat in pork carcasses are a growing problem. These problems tend to occur to a larger extent 
in the Southeastern U.S., as compared to the Midwestern U.S.. even widiin similar genotypes of hogs. 
There are many reasons for these differences and this paper will attempt to highlight why the problem is 
observed and how one can overcome the problem. 

Soft-fat is typically highlighted as soft-bacon, and often results in poor slicing yields and packaging 
problems. Additionally, consumers will observe problems with separation and cohesivencas of the product. ; 
The problem is significant enough to warrant development of measurement systems to help quantify the 
problem, such as stick test, penitrometer, and TV test, to name a few. While the issue is most apparent to 
the consumer in bacon, the breadth of impact for the food processor extends to all fresh meat products, as 
well a& trim. 

As one goes through a processing facility that has masses of product passing through, it is not difficult to 
identify where problems will arise. Loins for example, will have fat layer separation, creating non-uniform 
fat coverage problems. Non-uniform coverage in such cases will result in product not meeting 
specification, increasing product failure rate and costs. Similarly, some have suggested that soft fat is 
potentially responsible for muscle separation in the ham and shoulder, resulting in consumer acceptance 
problems. Trim from carcasses of animals having soft-fat cannot be used successfully in sausage patty 
formation, the patties stick to the machinery and fail to hold their shape. All of these problems lead up To 
increased manufacturing costs and lost markets for the food producer and the entire food chain, 

Technically, soft far is a reflection of the change in fatty acid composition away from saturated fat, toward 
higher levels of unsaturated fat. it is ironic that the medical and public health community have been 
promoting a greater shift toward the consumption of unsaturated fats in order to lower the risk of coronary 
heart disease (CUD). However, it seems clear that consumers will trade the risk of CHD for a product that : 
meets their quality criteria. Perhaps markets exist for both types of products. 

Soft-fat is a problem that affects all pork products. It is a problem that is influenced by many economically 
important traits, both to the food processor and the livestock producer. However, there is little or no data 
available to predict the change in carcass value due to changes in carcass IV, making it practically 
impossible to conduct cost/benefit analyses and determine the value of dietary changes. Development of 
low-cost, practical, solutions to the soft-fat problem are necessary in order to ensure a future in the pork 
product marketplace. 

Dietary Fat, History and Use 

Researchers discovered in the early to early^ I900's that pigs, unlike cattle find sheep, are what they eat. 
While a slight oversimplification of reality, this is a conceptually true statement. To a large extent, what 
we feed pigs greatly influences the type of fat that is put into the fat storage reserves on the animal Indeed, : 
the pig has the ability to take fat from the diet and deposit it directly into fat cells, a characteristic rather 
unique to non-ruminant animals, li is this phenomena which links the diet composition with the carcass 
composition, and why we must be concerned with what we feed our animals 
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A discussion on fat must address the reasons why one chooses to teed fat in the first place, While there are 
known requirements for specific fatty acids (such as linaleic acid), we know that only very low levels of fat j 
are necessary in common ingredients to meet these nutritional requirements. Therefore, the question of 
why do we feed very high levels of added fat to swftie must be asked The simplest answer lies in a 
question of economics, First, it is known that animals eat to their energy requirement, which is described 
generally in terms of the requirement for maintenance and the requirement for some productive function, 
such as growth, fetal development, or milk production. Additionally, chemistry tells us that fats {and oils) : 
have about 2.25 times more energy than carbohydrates or protein, which means that I lb* of fat is equal to 
12 lb, of carbohydrates or protein. It is also of importance to note that dietary energy content accounts for 
about 80% of the diet cost. Thus, no nutrient is of greater economic importance than energy in swine diets : 
and it is the first economic decision that must be made in formulation of the diets. 

Economic Value of Added Fat 

For the US swine producer, the prices of corn, soybean meal and fat are the major influuncers of feed costs. 
Because com is the primary feed energy substrate in the U.S., the relationship between corn and fat is of 
utmost importance when formulating diets. Most common ingredients have some combination of : 
carbohydrates, protein and fat, along with significant quantities of water (Table 1). If we focus only on : 
energy, fat has about 2.4 times more energy than corn or wheat. In a mixed ration however, these two 
ingredients usually only constitute 70 to 80% of diet, with dilution coming from lower energy protein : 
supplements and mineral additions, Combining the dilution factors of moisture, minerals, and differences in ; 
nutrient density, we can understand why the simple equation of 2.25* more energy is not quite accurate, 
and the feeding value typically exceeds a 3: 1 ratio when compared within a diet. 

As the animal ages both the rate and composition of growth changes, resulting in changes in dietary 
nutrient requirements. In general, the relative density of non-energy components, amino acids/protein and 
minerals, are highest in young pig diets and decrease with age. Also, for newborn or newly-weaned pigs, 
the diet composition is quite complex* containing large quantities of very expensive specialty ingredients. 
The need for such specialty products also diminishes with age. Thus, as the animal ages, the diet costs 
decrease and the percentage corn (or similar cereal) in the diet increases, (i is for this reason that the value • 
of fat is largely dictated by corn price, and that the relative value of" fat diminishes as the animal ages. In 
short, fat has the most value in the most expensive diets and the least value in the least expensive diets. 
Other elements that influence whether or not fat is to be fed include dust control/respiratory health, 
alternative ingredient pricing, etc. For most swine diets however, the relative cost of fat compared to corn 
is the single largest factor influencing the decision to feed fat and what level of fat to feed. 

Historical research data demonstrate that adding fot to swine diets can increase the rate of growth, thus 
reducing the days to market. As geneticists have selected for leaner animals, the degree of growth response ; 
to added fat may have decreased. One can find research data that suggests a growth rate response can be 
observed in modem genotypes due to added fat, but data to the contrary appear to be equally available. 
Today, apart for the potential health benefits associated with reducing dust levels through fat inclusion, it is 
not clear thai a producer can expect a lean growth rate increase in high-lean animals due to added dietary 
fat. 

The Evolution of Fat Feeding & The Soft Fat Problem 

Historically, fat feeding has not been a cost-effective alternative for swine producers in the Corn Belt. The : 
primary reasons why are fairly simple. Animal fat, which was the available fat for the typical Midwest 
pork producer, was used for frying foods and in baked goods. These markets traded at significant 
premiums compared to today's feed fat market, making fat feeding a very unattractive venture when corn 
prices are low. It was not until the consumer shifted demand from animal tats to vegetable oils that fat 
became available to most major US pork producers. The other piece of this equation is ihat hogs were 
typically fed by producers as a means to market their corn crop. Therefore, even if fat were available, the 
cost of the corn observed by the producer was so low that fat did not appear attractive. In brier; 
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Midwestern bog producers have not historically used fat in feed because they had cheap com and limited 
access to a fairly expensive fat market, some of which still exists today. 

In the Southeast, abundant supplies of low-cost spent restaurant grease have been created due to the high 
population density. This low-cost fat allowed Southeastern swine and poultry producers to import corn 
from the Midwest and achieve a fairly competitive feeding cost, competing on a national basis with the 
Midwestern livestock producer. This combination of high-priced corn and cheap fat led up lo the rapid 
adoption of fat feeding in the Southeast. During the 1980's, restaurateurs responded to shifts in consumer 
demands, switching from animal fats to vegetable oils or partially hydrogenated vegetable oils for their 
frying needs. This resulted in a significant shift in the composition of feeding fat in the Southeast, today 
more closely resembling vegetable oil or unsaturated fat* 

The change in consumer attitudes toward fat consumption also caused a major push by the US Pork 
Producers to create a very lean animal, Genetic progress through the I980's allowed the pork producer of 
the 1990's grow and sell a very Jean animal, one which obtained significant lean premiums. Continued 
selection and economic pressure against fat on the carcass has ultimately resulted in complete population 4 
shift, where essentially all animals are genetically lean and contain a very limited quantity of fat on the 
carcass. This genetic change has also resulted in a shift in the amount of fai available at the packing plant 
and the composition of the fat in the animal It is this combination of lean animals, the availability of 
highly unsaturated fats, and the lack of availability of saturated fat that has resulted in a soft-fat product 
somewhat unique to the Southeastern U.S. 

Soft-Fat Solutions 

The history presented above is only of academic importance. Finding solutions to the problems created is 
the immediate need. It is clear lhat high-lean animals can have relatively hard far in their carcasses, the 
question becomes "What is the most economical means to achieve a desirable carcass". One answer 
certainly might include genetic selection of animals for either greater fatness or lower carcass 1 V*s, neither 
of which can provide solutions in the near-term. Practical]^ manipulatio n of 

tat^assJV^ 

Fat type within the context of this paper, refers specifically to the chemical composition of the fat. Tallow, 
for example, is a type of fat that is highly saturated and when fed will cause a shift in the degree hardness 
of the pigs carcass. Similarly, soybean oil is a highly unsaturated fat that will have essentially the exact 
opposite effect as taHow. Categorically, low-lV fats are those fats containing saturated fat, while high-IV 
fats are those containing predominantly unsaturated fats. Given a choice, one would certainly prefer to 
feed a categorically |ow-l V fat to overcome soft-fat. 

We also know that animals fed low-fat diets will have lower IV carcasses than animals fed high-fat diets. 
The basic biology of this phenomena is quite understandable. Indeed, thtr pig will take fat from the diet to 
fill its fat cells, but, in the absence of dietary fat the pig will also manufacture its own fat in order to fill 
these cells. The fat of dietary origin will compositionally resemble the fat fed, white the fat manufactured 
by the animal will uniquely be high jn saturated fat. 

Iodine Value Product Formulation 

Using the aforementioned knowledge, researchers have been able to create mathematical equations to 
predict carcass iv. Pig Improvement Company (PIC; Tech Memo 153) reported that carcass IV can be 
predicted by using the product of the level of fat and the IV of the fat fed, termed iodines value product 
(IVP). Ingredient IVP is calculated as follows; IVP = IV of fat * % fat - 10, For example, the IV of corn 
oil is 128 and corn contains 3,5% fat, therefore the LVP of corn is I2S x 3.5 - 10, or 44.8. Diet IVP can 
dten be calculated by taking the ingredient IVP's times there percentage in the diet, and summing the result 
Subsequently, the following prediction equation was developed by the researchers to estimate carcass IV: 
Carcass IV = .315 x diet IVP + 52.4. 
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The result of incorporating I VP into the formulation method is the ability to assess the cost of feeding to a 
specific carcass IV. It is the ability to set dietary targets with predictable outcomes that allows us to predict 
feed cost impacts. While the accuracy of the prediction equations may be somewhat variable and may need 
to be adjusted to fit a specific system, the methodology allows cost impact assessment. The companies of 
Murphy-Brown LLC implemented i VP formulation in June 2000 and continue to utilise this technology 
today as an integral part of the formulation method. 

Murphy-Brown Results 2000 to Present 

Results can be broken into several categories. First, one must ask are we able to adequately predict the 
impact of dietary changes on the resulting carcass IV. Secondly, do the results respond in a manner 
consistent with the predicted response and is the predictability maintained over time. Predictability of the 
results is necessary in order lo effectively administer and manage program costs and results. 

Validating the Predictability of Carcass IV 

Results obtained from the Murphy system are of particular interest because this system has had die same 
approach over the past 18 months. Also, Murphy has 2 different genetics that are fed diets differing only in 
1 VP (5 points) for the last diet fed before market. Additionally, the results from this system demonstrate 
the results of several key changes, as well as highlight several major deficiencies in the predictability of the 
results. 

Between September and December 2000, die Murphy non-select genetic IV data (Figure J) indicate that the 
actual results were not coinciding with the predicted results (see Table 2). In fact, it appeared that the 
actual results tended to run 2 to 3 points higher than predicted, suggesting the prediction equation may not 
be accurate for the Murphy/Smithfield system* This lack of predictability was concerning, but based on 
historical data it was believed that carcass IV had dropped by 2 to 3 points. 

Additional changes were made in the Murphy Finisher 1 and Developer in November 2000, with the 
expectation that imposing greater restriction on diet IVP during late finishing would in fact have a greater 
impact on carcass IV. The results of this change are not evident in the run chart (Figure I), suggesting that 
carcass IV is related to the entire lifetime feeding of the animal. Contrary to the change implemented in 
November, the data demonstrate a significant increase in mean IV value beginning in December 2000, with 
an additional increase in February 2001. Both of which carried through until April 2001 . It is not clear 
why the results responded in this manner, although it is noteworthy that system backfat levels attained their 
lowest point in history during the February to April 2001 time-frame. It is not clear that the IV change is 
related to the backfat change at that point in time, but this proposition should not be ruled out. 

Based on the data txrtwsen September 2000 and April 2001, it is clear that the actual carcass IV's obtained 
are substantially higher than the predicted values, by as much as 3.5 to 4 points, This suggests that the 
baseline may be different among systems, which is consistent with other data available, Based on research 
conducted at Clemson (McConnell and Maurice, unpublished data), one can demonstrate the impact of diet 
IVP on carcass IV results (Figure 2). While not calculated by the researchers, the data can be used to 
obtain a prediction equation between diet IVP and carcass JV> The Clemson data demonstrate a similar 
change in carcass IV per unit change in diet IVP to those of PIC (Figure 3), .296 for Clemson vs. ,3 1 5 for 
PIC. However, the intercepts are substantially different when using the same IV calculation, 4 1 .8 for 
Clemson and 52.4 for FIC, This suggests that a change in diet IVP will cause a similar change in carcass 
IV usmg either equation, but the absolute value will be different It is therefore believed that PIC slope is 
reasonably accurate, but the intercept within the Murphy/Smithfield system should be about 55.9. 

Validating the Directional Response to Changes in Diet IVP 

Another system change occurred in the May/June 2001 time-frame, which is most evident in Murphy select 
genetics (Figure 4), and resulted in a significant reduction diet carcass IV. Specifically, the incorporation 
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of wheat into finishing formulas is believe to be responsible for the change in both genetics, but most 
evident in the select genetics because it was specifically targeted in these pigs diets. Conversely, the data 
also clearly demonstrate when wheat left the diets around the 1* of August due to short supplies. Diets 
containing wheat can run as much as 9 points lower in diet IVP, predictably resulting in a 3 point reduction 
in carcass JV. 3oth genetics tended to run around 3 points lower than the Springtime values, suggesting the 
degree of response is similar to the predicted response. 

One of the most interesting points in all of these data is a single point in the non-select genetics having an 
IV of around 68.5, an outlier. This point represents a set of gilts fed a diet throughout finishing which had 
no more than 2.25% added fat (yellow grease). This iow-fat diet has an [VP of 51 , compared to the average 
JVp of 75 for the standard program, Based on the PIC value of.315, we would expect this group to have an 
IV 7.4 points lower than commercial groups, perhaps in the range of 7] to 72. Again the absolute change \% 
not entirely correct, but it is clear that the results were in fact directionally correct. This one group helps 
bring validation to at least one core principle of IVP formulation, the animal will have a low carcass IV if 
ted diets low in added fat, 

Since the middle of August, it appears that there has been a dramatic shift in the amount of variance 
experienced from group to group, along with a rise in carcass IV J s over the Spring and prior Fall. The only 
program change that occurred around this time frame was the elimination of the finisher 2 diet. However* 
it is not clear that this change was of significance because not al! groups would have received this feed. 
Actually, the finisher 2 feed would have only been fed in the last 2 weeks prior to slaughter in those groups 
that would have actually received it, not all do. The fact that the remaining diet targets remained the same, 
there is no clear answer as to why current IV levels are above previous results. 

Overall, the data demonstrate that the PIC equation can be used with some degree of confidence to predict 
the degree of change in carcass IV due to changes in diet IVP. Given the fact that the within group and 
among group variance In carcass JV is between 3.5 and 4, one might not expect to validate this response to 
a greater degree using system data. Indeed, the recent shift in variance is concerning because such an 
increase in variance reduces the ability to detect small changes in carcass IV, Because the economic 
outcome of a I or 2 point shift in carcass IV is very significant, understanding the implications of &uch a 
change in variance is of equal importance. 

The data examined provide some degree of confidence that carcass IV can be predicted from diet IVP. 
This is particularly true for relative changes. The data also suggest that one will most likely need to 
establish a baseline or intercept for their own system. The combination of utilizing the slope presented by 
PIC and establishment of an appropriate baseline will allow the producer to examine the cost implications 
of making dietary changes that will affect carcass IV. 

Summary and Conclusion 

Murphy-Brown LLC is committed to improving its pork product quality. With a clear objective of having 
fewer than 10- 15% of our groups exceed the current Smithfield 78 (V maximum, Murphy-Brown basset 
the weighted average diet ivp maximum of 63. This restriction should yield a carcass having an average 
carcass IV of 75.6 (adjusted value, see Table 3). Additionally, in order to achieve this target Murphy- 
Brown has set its Finisher J IVP maximum at 49. 

It is apparent that one must adjust the intercept used in the PIC equation in order to fit within the Smithfield 
measurement system, but with this equation it is believed chat a producer can reasonably predict the 
average outcome of dietary changes. The amount of variance in IV level among carcasses is significant, 
and this cannot be ignored when interpreting the result of minor dietary changes or setting dietary targets. 
Murphy-Brown has chosen to not exceed the target, and will work toward lower cost solutions once the 
results have demonstrated success. It is recommended that ail producers utilize the IVP formulation 
method in order to manage carcass IV targets and feed costs, and each producer is encouraged to validate 
the response of their animals to diet IVP changes. 
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Figure 2. Impact of feed Fat on Carcass IV. 
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Over the past decade, molecular science has developed corn grain hybrids which 
can increase energy and amino acid content, reduce waste management 
problems and improve carcass or product quality. 

Although some of these hybrids are not fiwuI1 * 
commercially available, hybrids with *-^r 
higher oil content and more easily 
extracted starch are in the j m 

marketplace. Since their commercial 
release, agricultural scientists have /; 
studied how these new hybrids could 
affect the cattle feeding industry. And 
they're pleased with what they are finding. 

According to Optimum Quality Grains, Optimum High Oil Corn has been proven to 
improve growth performance and carcass quality in beef cattle. 

"The success of Optimum High Oil Corn is well documented in non-ruminants, but 
until recently there was limited research conducted with high oil corn in beef 
cattle," said Dr. Steve Soderlund, Director of Beef and Dairy Business for Optimum 
Quality Grains. 

"This past year, Optimum has collaborated with several universities and private 
research institutes to evaluate the effect of feeding Optimum High Oil Corn to 
finishing beef cattle," he said. "These feeding trials show Optimum High Oil Corn 
delivers greater nutritional value, better gains and improved bottom-line returns 
when compared with regular corn. However, the most exciting attribute we found 
from feeding Optimum High Oil Corn is its impact on carcass quality." 

According to Optimum, the better results come in the way of improved marbling 
scores and carcass quality grades when compared to typical corn with no 
additives. In discussions with large cattle feeders, a dependable source of high oil 
corn was in question. 

With high oil corn acres projected to exceed 1 million in the U.S. in 1999, that's 
some encouraging news. 

According to research performed for Optimum at the University of Idaho in 1997, 
the carcasses from animals fed high oil corn graded over 70 percent choice 
compared to less than 50 percent on typical corn. 

"During the past five years, USDA Choice carcasses have been worth, on the 
average, $5.37 per hundred weight more than carcasses graded USDA Select. 
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Using this average spread in carcass value, we found the value of an average 
carcass from a steer fed Optimum High Oil Corn was worth $5.97 to $7.91 more 
than a carcass from a steer fed typical corn without added fat in recent trials 
conducted by Iowa State University and the University of Idaho," Soderlund said. 

Feeding trials from South Dakota, Iowa and Idaho demonstrate that Optimum High 
Oil Corn can effectively replace 100 percent of typical corn and up to three percent 
of added fat in finishing beef cattle diets. 

The oil found in Optimum High Oil Corn is highly digestible with an energy value 
similar to tallow. 

Several studies are currently underway to examine various rates of inclusion of 
high oil corn and to test additional processing methods including high moisture 
corn. At this time, Optimum recommends that high oil corn be processed for best 
utilization. Ration formulation considerations made with high oil corn should be 
similar to those for formulating rations containing supplemental fat. 

| Back | Search | Staff | Archives | Advertising Info | Contact Us | Home | 

All information is copywrited by Feed Lot magazine and cannot be printed or re-printed without the 
publishers express consent. Please contact Feed Lot Magazine for reprint and copy authorization. 

Last Updated: 02-Apr-01 
©2001 Hubris Communications 
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The effects of dietary fat sources, levels, and feeding intervals on 

pork fatty acid composition 1 

L. Averette GatUn*, M. T. See*, J. A. Hansent, D- Sutton** and J. Odle* 3 

^Department of Animal Science, North Carolina State University Raleigh 27695; tMurphy Farms, Inc., 
Rose Hill. NC 28458; and ?University of Illinois, Urbana, IL 61801 



ABSTRACT: Two experiments investigated the 
quantitative relationship between dietary fat and fatty 
acid composition of pork. Experiment 1 was designed 
to establish the rate of decline for linoleic acid and 
iodine value of pork fat during the late fattening phase 
following a dietary reduction. Gilts (n = 288) were fed 
diets varying in linoleic acid content from 4.11 to 1,56% 
for 4> 6, or 8 wk prior to slaughter. The maximum rate 
of decline was 2% 18;2 per week and 2.5 iodine value 
units per week. Experiment 2 evaluated the effects of 
dietary fat source and level on carcass fatty acid compo- 
sition and on pork quality characteristics- Barrows (n 
= 147) and gilts (n = 147) were allocated to seven dietary 
treatments for the last 6 wk of the finishing phase. 
Diets contained 0, 2.5, or 5% dietary fat comprised of 



100, 50, or 0% beef tallow. The balance was provided 
by animal-vegetable blended fat. As the level of tallow 
increased there was a linear decrease CP < 0.05) in 18;2 
content and iodine value of carcass fat. Conversely, 16:1 
and 18:1 increased linearly (P < 0.05) as tallow in- 
creased. However, 16:1 decreased linearly CP < 0,05) as 
level of fat increased. As the level of tallow was in- 
creased a greater reduction in 18:2 and iodine value 
was observed in diets with 5% dietary fat compared to 
diets with 2.5% fat (P < 0.05). The se results indica te 
that reductio n of dietary PUFA content had the desi red 
^etf ^nflc gSaag ^tenLa sd iodine value o f pork 
fat and that signifi cant alterations could be elicited in 
"as Uttiras 6 to 8jwk of?e^ngT~ ^ — - — 



Key Words; Pigs, Carcass Quality, Fatty Acids, Supplemental Fat, Unoleic Acid 
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Introduction 

As the pork industry strives for efficient production of 
increasingly leaner pigs, reduction in fat quality can oc- 
cur that may adversely affect further processing, tissue 
separation, and storage stability. Combining extreme 
leanness in the pig with diets composed of cereal grains 
and supplemented with fat, often high in polyunsatu- 
rated fatty acids (PUFA), in order to maximize grow- 
finish performance and efficiency can result in soft pork 
fat. These pork production techniques do help to realize 
consumer demands for reduced total carcass fat and sat- 
urated fatty acids* but this is in conflict with the optimal 
physical qualities of fat desired for further processing. 
Consistency and composition of pork fat are quality con- 
cerns (Morgan et al., 1994), because thin bellies and soft 
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fat produce more miscuts and a higher percentage yield 
of lower-quality product. 

It is well established that the fatty acid composition 
of pork is influenced by the composition of dietary fat 
(Seerly et al.» 1978; Madsen et al, 1992; Miller et al„ 
1990); however, the quantitative relationship has not 
been well defined, especially in lean genotype pigs. How- 
ever, it has been demonstrated (Scott et al., 1983) that 
there are more saturated fatty acids present in the fat 
depots of pigs with a genetic predisposition for obesity 
than in pigs selected for reduced backfat thickness. Wood 
(1984) reported that PUFA were increased in pigs when 
fat deposition was reduced by limit feeding as compared 
to ad libitum intake. The goal of this study was to evalu- 
ate nutrition and management programs for lean geno- 
type pigs to maintain production while enha nci ng pork 
fat quality. Specifically, our objective was to determine 
the quantitative relationship between dietary fat and 
the pork fatty acid profile by manipulating dietary unsat- 
urated fatty acids. This was achieved by reducing linoleic 
acid content or varying dietary fat sources and levels. 

Materials and Methods 

Experiment 1 Design. Market gilts (n = 288) from PIC 
406 sires x PIC C22 dams were delivered to the North 
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Fatty acids in pork 1607 
Table 1. Composition of diets in Exp. 1 (as-fed basis) 



Soy oil, % 



Item 


100 


66.7 


SS.3 


0 


Ingredient, % 










Com 


76. 10 


76.10 


76.10 


76.10 


Soybean meal (48% CP) 


16.60 


16.60 


16.60 


16.60 


Soy oU 


5.00 


3.33 


1.67 




Hydrogens ted fat 




1 At 
IrOr 




P.Uv 


Umeetone 






0.96 


0,95 


Dicalcium pbo&nhata, 21% 


0.69 


0.69 


0.69 


0.69 


salt 


0.36 


0.36 


0,36 


0.35 


Lysine-nCl, 95% 


A 1 O 

0.13 


0.13 


ft 1 o 

0,1 0 


nig 

U.13 


Trace mineral prPTnix" 


0.05 


0.05 


0.05 


0,05 


Vitamin premix* 


0,05 


0,05 


0.05 


0.05 


Virgirtaxnycin 20 


0.025 


0.025 


0,025 


0.025 


Selenium premix* 


0.025 


0.025 


0.025 


0.025 


Calculated composition 










lonoleic acid, % 


441 


3.26 


2.41 


1.56 


Crude protein> % 


14.2 


14.2 


14.2 


14.2 


tyaine* % 


0.82 


0,62 


0.62 


0.62 


Phosphorus, % 


0,46 


0.46 


0,46 


0.46 


Calcium, % 


0.58 


0.58 


0-58 


0.58 



"Provided tbe following per kg of mix; 166.7 g Zn as ZnO, 166.7 g Fe as FeSO«, 28.3 g Mn aa MnO, 20.2 
g Cu as CuS0 4 , 70 mg I, and 30 mg Se. 

^ovided th«* following per kg of mix: 2,268 kJTJ vitamin A, 340 kJU vitamin D. 9,072 IU vitamin E, 
1,134 mg vitamin & 8.2 zng vitamin B ; , 1,361 mg riboflavin, 6,350 mg d-pantothenat*, 9,072 mg niacin, 
and 2,749 mg menadione, 

^acb kg provided 600 mg Se. 



Carolina Swine Evaluation Station at 62 kg and allowed 
1 wk to acclimate. Animal? were fed the 100% soy oil 
diet for 3 wk prior to allotment (avg 80 kg) to a 4 x 3 
factorial design, blocked by initial weight. Pigs were fed 
one of four diets varying in polyunsaturated fatty acid 
(FUFA) content for 4, 6, or 8 wk prior to slaughter. All 
diets (Table 1) contained 5% added fat ? comprised of 100, 
66.7, S3.3, or 0% soy oil (Cargiil, PayettevOle, NC). The 
balance was provided by a fully hydrogenated animal fat 
(Patrick Cudahy, Cudahy, WI). Patty acid composition of 
the supplemental fat sources is described in Table 2, 
Carcass data were obtained from 96 pigs in each slaugh- 
ter group. 

Experiment 2 Design. Barrows (n » 147) and gilts (n 
- 147) from a PIC 406 sire x PIC C22 female cross were 
delivered to the North Carolina Swine Evaluation Sta- 



tion and allowed a 1-wk period to acclimatize to the 
facility. Pigs (avg 80 kg) were blocked by initial weight 
and randomly assigned to one of seven dietary treat- 
ments. Dietary treatments (Table 3) varied in percentage 
dietary fat and dietary fat type and were fed for 6 wk 
prior to slaughter. Diets contained 0, 2.5, or 5% dietary 
fat comprised of 0, 50, or 100% beef tallow. The balance 
was provided by an animal-vegetable fat blend (Table 2). 

Live Animal Care and Measurements. All animal proce- 
dures were approved by the Institutional Animal Care 
and Use Committee of North Carolina State University, 
Pigs and feeders were weighed at 2-wk intervals and 
feed allotments were weighed daily to determine ADG, 
ADFI^ and feed:gain. Pigs were boused three per pen in 
a naturally ventilated confinement building with solid 
concrete floors with 5.6 m 2 per pig, Feed and water were 



Table 2. Analyzed fatty acid composition of the fat sources used in exp, 1 and 2 






Hydrogenated 


Animal- 




Patty acid 


Soy oil 


fat 


vegetable 


Tallow 


16:0, %>* 


10.50 


30.12 


17.69 


24.78 


18:0, % 


3.20 


56.61 


10.43 


20.92 


18:1, % 


22.30 


2,00 


35.03 


35.41 


18:2, % 


54.50 


0.39 


34.67 


6.02 


18:3, % 


6-30 


ND h 


ND 


ND 


Other 15 


1.20 


10.88 


248 


12.87 


Iodine value 


132.00 


2.50 


97.60 


41.00 



"Percentage by weight- 
*ND = not detected. 

'Compriaed of 3% or leas of each of the Mowing fatty acid* including: 8:0, 10:0, 12:0 r 14:0, 14:1, 15:0, 
16:1, 20:0, 20:1, and 20:2. 
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Table 3, Composition of diets in Exp, 2 (as-fed basis) =— — = 



Diet 11 



Item 


Control 


2.5AV 


2.5B 


2.5T 


5AV 


5B 


5T 


Ingredient, % 














73.J6 


Corn 


d0,85 


77.06 


77-06 


77.06 


73,22 


MA Oft 

73.22 


Soybean meal <4fi% CP) 


16-65 


17.95 


17.95 


17.95 


19.30 


19.30 


19. JO 


Tallow 






1.25 


2.50 






A AA 


"WWW "Vfagnnm^c uicjiv 




-*i w 


1.25 




5,0 


2.50 






1-U4 


t AA 


1 AJ 


1.U4 


l.un 


1 04 


1.04 


iJxCaiciwn pnp*?pnave, sitc 


f\ in 


A 11 
U, / / 


A 'In 


U-i / 


A 7fi 
u. 40 


0 76 


0.76 


iXUb 


KltW 


a Af> 


a 




n iA 


0.40 


0.40 






a l 






A \±9 


0 142 


0 142 


x race mineral pr«mi* 




A AS 


0.05 


(\ flu 


0.0s 


0.06 


0,05 


Vitamin premix 6 


ft A< 


A A* 


A A^ 


A A* 


A A* 


A Aft 


0,05 


Virginiaroycm 20 


0.025 


0.025 


0.025 


0.025 


0.025 


0.025 


0!025 


Selenium preroix 4 


0 025 


0.025 


0.02S 


0.02$ 


0.025 


0,025 


0.025 


Calculated composition 














75.2 


Diet iodine value 


124-0 


ll3 T fi 


101.9 


90.3 


1Q6.7 


91.9 


Linoleic acid, % 


1.35 


2.64 


2.28 


1.92 


3,44 


2.71 


1.99 


Crude protein, % 


14.6 


14.9 


14-9 


14.9 


15.2 


15.2 


15.2 


Lysine, % 


0.84 


0.87 


0.87 


0.A7 


0,91 


0.91 


0.91 


Phosphorus % 


0.48 


0.46 


0.46 


0.46 


0.48 


0.46 


0,48 


Calcium. % 


0.62 


0.62 


0,62 


0.62 


0.62 


0,62 


0.62 


ME, kcai/kg 


3.326 


3,447 


3,440 


3,434 


3,565 


3,553 


3.540 



•Treatment abbreviations are defined by the amount (2.5 - 2.5%; 5 - 5.0%) and *qut<* of supplemental fat: AV = animal -vegetable blend; 
B - animal-vegetable + tallow blend; T - tallow. 
^Provided the following per kg of mix; 166.7 g Zn> 166.7 g Fe, 28.3 g Mn, 20.2 g Cu, 70 mg 1, and 30 mg Se. 

"Provided the following per kg of mix: 2,268 JtlU vitamin A, 340 klU vitamin p. 9,072 JU vitamin E, 1,134 mg vitamin K, S.2 mg vitamin 
Bk 1,361 mg ribofUvint 6,350 mg d -pantothenate, 9.072 mg niacin, and 2,749 mg menadione 
*Each kg provided 600 mg Se. 



available for ad libit tun consumption. During the course 
of the experiments six pigs were removed from Exp. 1 
and four pigs were removed from Exp, 2 because of death 
or failure to thrive. 

Adipose tissue samples were collected 3 wk prior to 
allotment (Exp. 1) and on the day of allotment (Exp. 1 
and 2) from one pig per pen by biopsy for &tty acid 
analysis, lidocaine (2%, Vet Tek, Blue Springs, MO) 
was administered as a local anesthetic prior to biopsy. 
Biopsies were taken with a spring-loaded biopsy device 
(Biotech Ltd*, Slovakia) while animals were restrained 
in a working chute. The biopsy location was at the 10th 
rib, approximately 5 cm from the backbone and 2.5 cm 
deep. Animals were treated with an iodine wound spray 
after removal of the sample and monitored for signs of 
inflection. Samples were stored under N a gas at -80*C 
until analysis. All other adipose tissue samples were 
obtained from each pig at slaughter. 

Carcass Measurements. All animals were slaughtered 
in a large commercial facility. Hot carcass weight was 
determined on-line. Backfet depth and loin muscle depth 
were measured and lean percentage predicted with the 
Fat-O-Meater optical probe (SFK Technology A/S ( Den- 
mark), Fat-O-Meater measures were taken through a 
section of the longissimus dorsi between the 3rd and 4th 
last rib 7 cm off the raid-line split. Carcasses were chilled 
for 24 h, at which time a 2.5-cm chop was removed be- 
tween the 9th and 10th ribs. After allowing a minimum 
of 20 min bloom time, each chop was evaluated for color, 
ultimate pH, and temperature. The loin chop was mea- 



sured in triplicate (middle, medial, and lateral) and mean 
values were calculated for color lightness ih*\ redness 
(a*) t and yellowness <b*) using a Minolta Chroraameter 
200 (Minolta, Ramsey, NJX The chromameter was set 
to D65 illuminant, a 2° standard observer, using an 8- 
rara optical port with glass insert, and calibrated with 
Minolta white standard color plate. A visual color score 
was also determined on a scale from 1 to 6 (I = pale, 
6 = very dark) using plastic Japanese color standards. 
Japanese color standards are closely related to the Mi- 
nolta L* value but the scales are in the opposite direction. 
A lower Minolta L* value indicates a darker color, On 
the same sample, ultimate pH was measured using an 
Engold electrode and a K21 pH meter (NWK Binar, 
Landsberg, Germany). A comparison test of belly firm- 
ness (stick test) was conducted by measuring the dis- 
tance between the outside edges of a belly draped across 
a smokehouse stick. 

Percentage drip loss was estimated by hanging a 100- 
g loin section removed from between the 9th and 10th 
rib in a bag for the period from 24 h to 36 h postmortem. 
The loin section was then reweighed and purge loss 
was determined. 

Backfat tissue cores were taken from each pig from a 
location approximately 10 cm below the last rib at the 
midline. Fat samples were placed in N 2 gas at the time 
of collection and sample preparation and analysis began 
within 120 min of collection. 

Fat firmneaa was measured using the compression test 
on the Instron machine. A 1,27-cm core sample was re- 
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•moved from the belly, weighed, and maintained at 4°C 
until analysis. The sample was compressed to 80% of its 
original height and the force (kg/g) of compression was 
determined. The melting point of carcass fat samples 
was determined using the capillary tube method 
(AGCS, 19981 

Tissue Analysis. The adipose tissue core samples in- 
cluded the upper layer, middle layer, and the lower layer 
(including the fascia above the muscle). Following re- 
moval of the skin and muscle tissue from the core, the 
remaining tissue was minced and mixed thoroughly. Lip- 
ids were isolated from adipose tissue in duplicate by 
weighing XOO mg into a glass tube with a Teflon-lined 
cap. One milliliter of a reagent containing 3.75 Af NaOH 
dissolved in a 1:1 (vol/vol) methanol, distilled water mix- 
ture was added and the tubes were heated in a boiling 
water bath for 5 min, vortexed, and returned to the water 
bath for 25 min. The samples were then placed into cool 
water and 2 mL of a 1.7:1 (vol/vol) methyl alcohol and 
6.0 N hydrochloric acid mixture was added. The samples 
were placed into the boiling water bath for 10 min and 
then immediately placed in cool water. Three milliliters 
of a 1:1 (vol/vol) methyl tert-butyl ether and hexane mix- 
ture was then added to the samples. Samples were vor- 
texed and mixed continuously for 10 min until they were 
clear and the lower, aqueous phase was discarded. Fi- 
nally, 3 mL of 0.3 M NaOH was added to the remaining 
organic layer and the tubes were mixed and centrifuged. 
Two-thirds of the top, organic, layer was removed to a 
clean vial and dried under N 2 gas. The methyl esters 
were redissolved in 250 jO, of hexane. A Hewlett Packard 
5890 gas chromatograph (Hewlett Packard, Avondale, 
PA) equipped with a flame ionization detector was used 
with a 100-m fused silica capillary column with an i.d. 
of 0.25 mm, a 0,20 p.m film coating, and a SP-2380 column 
stationary phase (Supelco, Beliefonte, PA). Operating 
conditions were as follows: helium carrier gas, split ratio 
1:100, injector temperature 220*0, detector temperature 
220°C, initial oven temperature 140°C increasing to 
225°C at a rate of 3,2°C/min. The oven was held at 225 G C 
for 14 min, then temperature increased by 2°C/min to 
230*0 and was held for 6 min. Finally, the temperature 
was decreased by 8°C/min to 140°C and held for 4 min. 
Total run time was 65 min. Methyl ester standards were 
used to identify sample fatty acid methyl esters. Integra- 
tion software (Millenium, Waters Inc.) was used to calcu- 
late the proportion of each fatty acid present. Iodine 
value was calculated using the following equation: iodine 
value = 16:1 (0.95) + 18:1 (0.86) + 18:2 (1.732) + 18:3 
(2.616) + 20:1 (0.785) + 22:1 (0.723) (AOCS, 1998). 

Statistical Amlysis. All analyses were conducted using 
the GLM procedure of SAS (SAS Inst. Inc., Caiy, NC). 
Least squares treatment means were obtained assuming 
fixed models that included the effects of block, diet, time, 
and diet x time for Exp. 1. 

For Exp. 2, least squares treatment means were ob- 
tained assuming fixed models that included the effects 
of block, sex, fiat type, percentage of dietary fat, seat x 
fat type interaction, and sex x percentage dietary fat 
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interaction. For Exp. 2 the diet degrees of freedom (df> 
were partitioned into contrasts for linear and quadratic 
effect of dietary fat level, linear and quadratic effects of 
dietary fat source, and dietary fat level x dietary fat 
source interaction. Sex x diet interaction degrees of free- 
dom were partitioned into contrasts for the sex x dietary 
fat level interaction and the sex x dietaiy fat source 
interaction. Fat source, fat level, and interaction least 
squares means were estimated using a linear function 
of the model parameters (SAS Inst., lnc„ Gary, NO, 

Results 

Experiment 1 

As soy oil was replaced with saturated animal fat, 
growth rate was unaffected but feed intake from 0 to 8 
wk and feed:gain from 0 to 6 wk increased linearly (P < 
0.0001, Table 4), Combined with data from a digestibility 
study (Averette Gatlin et al, 2002), these data suggest 
that the saturated animal fat was not well-digested. No 
effects of dietary fat composition were detected on final 
live weight, carcass weight, fat or loin depth, lean per- 
centage, drip loss (Table 5), dressing percentage, pH, 
loin color (except A reading), or belly color (data not 
shown). However, a negative quadratic effect (P < 0.05) 
of diet on the loin Minolta-A reading (data not shown) 
was observed, but this is of questionable biological sig- 
nificance. Both fat depth and loin depth increased with 
increased time on dietary treatment (linear and qua- 
dratic time effect; P < 0,05). However, lean percentage 
decreased linearly (P < 0,05) with increased time on di- 
etary treatment. As the PUFA content of the diet was 
reduced, there was a linear decrease iP < 0.05) in 18:2 
content of carcass fat* Linoleic acid content also de- 
creased linearly over time (P < 0.05). Due to a diet x 
time interaction, reducing PUFA content reduced iodine 
values only in gilts fed diets for 6 or 8 wk, but not in 
those fed for 4 wk, In addition, iodine value decreased 
linearly only for diets containing 33-3 or Q% soy oil but 
not for those containing 100 or 66.7% soy oil. The maxi- 
mum rate of decline (2% 18:2 per week and 2.5 iodine 
value units per week) was exhibited by gilts fed the diet 
containing 0% soy oil (diet x time interaction, P < 0.05). 
Conversely, 16:1 and 18:X increased as the PUFA content 
of the diet was decreased. For monounsaturate content, 
the rate of change was greatest for the diet containing 
0% soy oil (diet x time interaction. P < 0.05). The monoun- 
saturates increased quadratically (positive) with time (P 
< 0.05). No effects on 20:1 content or stick test were 
detected (JP > 0.10). Analysis of fatty acid composition of 
backfet biopsy samples (Figure 1) indicated that 18:2 
concentration remained unchanged during the 3-wk pre- 
test period, averaging about 25%. The collective time 
course of changes in 18:2 concentration throughout the 
experiment is illustrated in Figure 1. 

Experiment 2 

In general, as the level of dietary fat was increased, 
feed intake and feedzgain decreased linearly (J° < 0.05. 
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ADO, kg 


0.87 


0.99 


0,93 


0.99 


0.06 


AJDFl, kg* 
Fecd;gmA h 


3.09 


3.23 


3.36 


3.73 


0.10 


3.59 


3.34 


3,81 


3.9i 


0.25 



"Linear effect of diet (P < 0.0001). 
b Uoear effect of diet (P < 0,i), 



Table 6), From d 0 to 42, ADPI and ADG were greater 
(P < 0.05) in barrows than in gilts. However, overall, 
gilts fed 0% dietary fat were more efficient than gilts 
fed 2.5% dietajy fat, whereas the efficiency of barrows 
improved linearly with increased dietary fat (sex x di- 
etary fat level interaction; P < 0.05). No effects of dietary 
fat level or type were detected on caxcass weight and 
drip loss (Table 7). A negative quadratic effect (P < 0.05) 
of dietary fat source on fat depth was observed. Signifi- 
cant sex x dietary fat source interactions were observed 
for fat depth CP < 0,10), muscle depth (P < 0,05), and 
lean percentage CP < 0.05) (Table 7). For lean percentage 
of barrows a quadratic effect of dietary fat source was 
observed. The quadratic responses are of questionable 
biological significance because the total depth of fat and 
muscle appears not to differ between sexes. Dietary fat 
source resulted in no significant differences in lean per- 
centage of gilts. 

As the level of tallow in the diet was increased, the 
monounsaturates, 16:1 and 18;1, increased linearly, 
However, 16: i decreased linearly as the percentage of 
dietary fat in the diet increased As the level of dietary 
tallow increased a greater reduction in 18:2 (Figure 2) 
and iodine value (Table 7) was observed in diets with 
5% dietary fat compared to diets with 2.5% dietary fat 
(dietary fat level x dietary fat source interaction; P < 
0.05). Diet 5T caused a greater reduction in 18:2 and 
iodine value than diets 2.SAV, 2.5B, 5AV, and 5B CP < 
0.05). In contrast, diet 5AV, in which a 100% animaJ- 
vegetable blend was supplemented to the diet at 5%, 
resulted in a significantly higher (P < 0.05) 18:2 content 
and iodine value of carcass fat than diets Cntrl, 2.5B. 
2.5T, 5B, and 5T- The linoleic add content of backfat in 
relation to daily dietary intake (based on the pen average 
intake) of linoleic acid is depicted in Figure 3. 



Discussion 

To reduce the risk of atherosclerosis and coronary 
heart disease in humans, the American Heart Associa- 
tion has recommended that 30% of dietary energy come 
from fat with an even distribution of polyunsaturated, 
monounsaturated, and saturated fatty acids (Neville, 
1990). Because the fatty acid profile of carcass lipids in 
pigs is easily altered, responds to changes in dietary fat 
composition, and has the potential to be modified to 
match dietary recommendations for humans, several re- 
searchers have measured the change in fatty acid compo- 
sition following dietary manipulation (Koch et aL, 1968; 
Anderson et aL, 1972; Wiseman and Agunbiade, 1998). 
The majority of these changes appear in the first 25 d but 
they have not been well quantified (Wood et aL, 1994). 

To optimize the level and type of fat to be used in a 
swine diet, it would be beneficial to know how these two 
factors affect the resulting fatty acid profile and meat 
quality, and how long the fat source should be fed to 
achieve the desired results. The data on linoleic acid 
intake from Exp. 1 and 2, shown in Figure 3, provide a 
means to determine the amount and level of a fat source 
to feed depending on the linoleic acid concentration in 
the final diet and the desired concentration of linoleic 
acid in the carcass backfat. Anderson et aL (1972) mea- 
sured the half-life oflinolenic acid as an estimate of fatty 
acid turnover. Their value of 300 d in an 8- to 12-mo- 
old pig was determined by feeding two barrows a diet 
containing 20% linseed oil for 2 mo and then measuring 
the decline in linolenate back to normal tissue levels. 
In addition, the half-life was 175 d in ether-sxtractable 

muscle lipids and 47 d in muscle membrane lipids (An- 
derson et aL, 1972). 
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Due to the development of lean genotype pigs since 
that time, new data are needed regarding how the level 
of inclusion, fat source, and length of time fed can affect 
the fatty acid turnover and composition of pork. In other 
modeling' work, a decrease in fat depth of 10 mm w$a 
associated with an increase of 4 iodine value units (Bar- 
ton-Garde, 1984). Similarly, Wood et aL (1978) measured 
increased 18:2 concentrations in lean, fast-growing lines. 
Hates of de novo fat synthesis are also reduced in geneti- 
cally lean pigs compared to pigs with a genetic disposition 
for fat deposition (Steele et al, 7 1974). In addition, diet 
enrichment of specific fatty acids decreased de novo lipo- 
genesis, the reduction depending on fatty acid chain 
length and degree of unaaturation (Smith et aL, 1996). 
Further, pigs with a reduced capacity for lipogeneais 
appear to have a greater rate of lipolysis (Standal et al„ 
1973; Wood et al., 1977), A reduction in adipose tissue 
accretion has also been observed in porcine somatotropin 
(pST)-treated pigs, resulting in decreased fat depth over 
the 10th rib (Lonergan et al., 1992). The effect of pST 
on backfat depth has been attributed to a reduction in 
lipogenesis without a concurrent change in fatty acid 
composition (Dunshea et al, 1992; Lonergan et al., 1992). 
However, because the depth of the more saturated mid- 
dle and inner backfat layers was reduced more than the 
outer layer (Lonergan et al., 1992), the unsaturated fatty 
acid content of samples containing all three layers could 
increase proportionally. 

More recently, using a modern lean genotype, Wise- 
man and Agunbiade ( 1998) determined that the changes 
in tissue fatty acid concentrations are indeed rapid- They 
estimated that 60 to 70% of the theoretical capacity for 
change was reached in the first 2 wk following dietaiy 
changes. They noted that the rate and the amount of 
change that may occur depend on several factors, includ- 
ing initial tissue concentrations. In our study* tissue lino- 
leic acid concentration did not appear to increase during 
the 3-wk loading period of Exp. 1 (Figure 1). An experi- 
ment conducted by Wamants et al. (1999) used the oppo- 
site approach, Pigs first consumed a diet containing 2.5% 
tallow to increase tissue lipid saturation. Then, research- 
ers measured the increasing degree of unsaturation as 
pigs consumed a diet containing 15% full-fat soybeans 
(PFS). After 6 wk, the hackfat PUFA content of the pigs 
consuming the FFS was not different from that of pigs 
fed the FFS for 8 wk 7 indicating a plateau had been 
reached. Our results are in agreement and indicate that 
6 to 8 wk of feeding a supplemental fat source will sig- 
nificantly alter the backfat fatty acid profile and may 
improve pork processing characteristics depending on 
the supplemental fat source. 

Our study confirms findings from other laboratories 
that backfat fatty acid composition reflects dietary fat 
composition (Seerley et al., 1978, Miller et al, 1990; Mad- 
sen et al., 1992). In Exp. 1, fat firmness increased as soy 
oil was removed from the diet and the proportions of 
18:2 decreased but 16:1, 18:0, and 18:1 increased (Table 
5). Increasing tallow in the diet (Exp. 2) resulted in simi- 
lar changes in the carcass fatty acid profile. Piedrafita 
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^SlJT^Jt P^. to * taato * o[ treatments. Linear diet effect (P < 0.05). Linear time effect (P < 0,05). Piet x 
time interaction (P < 0.05). tPercentage by weight. 



et al. (2001) noted a positive correlation between fat 
firmness and 16:0 and 16:1 and a negative correlation 
with 18:2 and 18:3. They concluded that the degree of 
fat firmness was correlated to the proportion of total 
unsaturated tatty acids. In addition, animals with a 
greater amount of lean also had a greater amount of 
linoleic acid in backfat (Nxirnberg et aL, 1998). They 
observed that other fet parameters were negatively cor- 
related to linoleic acid concentration. This relationship 
is exaggerated in lean-genotype animals and animals 
fed unsaturated fat sources, resulting in softer carcass 
fat and increasing processing difficulty. Our study sup- 
ports thi3 finding and shows that supplemental dietary 
fat sources containing lower levels of linoleic acid result 
in reduced backfat linoleic acid levels (Figure 3). It has 
been recommended that PUFA levels should not exceed 
23% in backfat used for salami manufacture for accept- 
able processing and product acceptability (Warnants et 
al.* 1998), Furthermore, floubend and Krol (1980) deter- 



mined that pork products produced from pigs consuming 
diets leading to 30% backfat linoleic acid concentrations 
were highly susceptible to lipid oxidation. 

One approach that may be taken in an effort to improve 
the tissue lipid saturation is to remove supplemental fat 
from the diet. When a very low fat diet is fed, de novo 
fat synthesis produces saturated and monounsaturated 
fatty acids. Research done by Engel et al< (2001) supports 
this theory; they found decreasing levels of saturated 
fats in the longissimus muscles of pigs fed choice white 
grease or poultry fat regardless of level of inclusion. In 
addition, linoleic acid concentration in the longissimus 
muscle was greater in those animals consuming 4 or 6% 
fat compared to those fed the control diet CP < 0,05). This 
response was linear with respect to increasing fat level 
of the diet, but the magnitude of the response was small 
(< 2%). In Exp. 2 of our work, 5% supplemental tallow 
resulted in a lower backfat linoleic acid concentration 
and a lower iodine value compared to the 0% aupplemen- 
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tal fat control, although the magnitude of the change 
was small (< 1%), Leszcsynski et aL (1992) also fed a 
diet containing tallow and found levels of X8:2 in bacon 
similar to that in animals consuming a 0% supplemental 
fat control diet after 3 and 6 wk. 

No significant sex differences in the proportion of fatty 
acids were noted (Table 7). Othere have noted differences 
in individual fatty acids: gilts had a higher proportion 
of 16:0, 18% and 18:3 than barrows (Piedrafita et aL, 
2001). However, there was a sex x fat level interaction 
for 18:1. Barrows fed 2.5 or 5% supplemental &t had a 
reduced proportion of 18:1, The proportion of 18:1 did 
not change with varying levels of supplemental fet in 
gilts. Data from a study comparing boars and gilts sug- 
gested that a sex effect on fatty acid composition was 
independent of varying backfat depths (Wood et aL, 
1989). The type of supplemental fet had a more predict- 
able effect on backfat depth of gilts than of barrows (Ta- 
ble 7; sex x fat type interaction). Supplemental fate re- 
sulted in increased backfat depth in gilts, but not in 
barrows. It is known that gilts are leaner than barrows 
at similar slaughter weights (Enser, 1991; Wamants et 
aL, 1998), However, the pattern of fatty acid changes 
should not be dependent on sex (Warnants et aL, 1999). 

Dietary fat appears to have a greater effect on bacon 
than on the loin muscle because the two sites may have 
different levels of sensitivity to direct incorporation of 
linoieic and Unolenic acid (Leszcsynski et aL, 1992). This 
difference in sensitivity resulted in increased concentra- 
tion* of Hnoleic aojd in belly musela compared to tho 
longissimus muscle in the same animal (Leszczynski et 
al., 1992). Camara et aL (1996) measured increased lipo- 



genic enzyme activities in backfat compared to the longis- 
simus dorsi muscle, again suggesting that the fat layers 
that are present in bacon may be more sensitive to di- 
etary changes. In addition, the half-life or turnover rate 
of fetty acids, specifically linolenate, has been shown to 
vary from 47 to 300 d, depending on the adipose tissue 
depot measured (Anderson et al, 1972). 

Many studies have noted decreased feed intake and 
increased gain/feed (G/P) with increasing level of supple- 
mental dietary fat (Bayley and Lewis, 1963; Seerley et 
aL. 1978; Engel et aL, 2001). In trial 1, ADFI increased 
(P < 0.0001) with decreasing amounts of soy oil. Even 
though the balance was provided by hydrogenated fat, 
the apparent digestibility was low and intake increased 
to compensate for the reduced caloric density (L. Averette 
Gatlin, unpublished data). Overall, gain* intake, and feed 
efficiency were not affected by the source of dietary fat 
in Exp, 2(P>0.10), 

In conclusion, reduction of dietary PUFA content had 
the desired effect of lowering the 18:2 content and iodine 
value of pork fat as expected; however, the magnitude 
of the reduction (from 26% to 18,6% 18:2 and from 86 to 
76 iodine value: Exp, 1) was less than desired. This was 
likely due to the limited digestibility of the saturated 
animal fat (L. Averette Gatlin, unpublished data). In 
Exp. 2, reduction of dietaiy fat level and the substitution 
of tallow for animal-vegetable blend fat in the diet had 
the desired effects of lowering the 18:2 content and iodine 
value of pork fat as expected. However, the magnitude 
of th«? reduction from (31.3% to 17,5% i8;S and from 

78.1 to 78,2 iodine value) again was less than desired. 
Furthermore, although dietary PUPA content affected 
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Figure 2. Effects of dietary fat level and composition 
on backfat Iinoleie acid concentration (Exp. 2). Data are 
least squares means (n - 42/treatment), Error bars repre- 
sent ± SEM. Dietary fat level x dietary fat source interac- 
tion (P < 0,05). ^Percentage by weight. 



carcass fatty acid composition, no major effects on mea- 
sured carcass characteristics (firmness, melting point, 
and stick test) were detected. This may indicate that 
these carcass characteristics are not reliable measures 
of firmness, and ultimately it is not known how they 
relate to belly processing. An increase in saturation of 
carcass fet (iodine value down to 68 to 70) woujd likely 
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Figure 3. Carcass linoleic acid content (Y) is correlated 
to the amount of total dietary linoleic acid (JJU). Data 
points represent actual linoleic acid intake of individual 
animals (n = 96/ trial). Graph represents the regression of 
daily linoleic acid intake on carcass linoleic acid composi- 
tion for both trials. Regression for Trial 1: Y » 6-61 + 0-021 
(LAI), R 2 = 0.59. Regression for Trial 2; Y = 6.28 + 0.Q62 
(LAI), R z = 0.49). ^Percentage by weight. 
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f result in improved processing and other pork quality 
attributes. Based on these findings, future research 
should utilize saturated fat of higher digestibility and 
should include additional assessment of the effects on 
other pork-procesging characteristics, 

Implications 

Reducing the Unoleic acid content of diets for swine 
during the 6 to 8 wk prior to slaughter will result in a 
reduction in Unoleic acid and iodine value of pork fat. 
Further, lowering the amo wt of Unoleic acid is associ- 
ated with increasing amounts of monounsaturated fetty 
acids in the carcass. The shift toward a more saturated 
fatty acid profile as a result of altering the dietary fat 
level and source will likely improve further processing. 
The reduction of dietaiy linoleic acid resulted in a 2 
iodine value unit decrease per week, and this rate may 
likely be increased with supplementation of an even mo re 
saturated fiat source and(or) lengthening the period in 
which the fat source is fed, especially in pigs with a 
backfat depth of < 18 nun. 
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DuPont Specialty Grains 

Poultry Research Trial - AFG6081 

Nutritional Value of OPTIMUM® High Oil Corn in Nicholas Tom Turkeys 

(November 1991 - March 1992) 
Summary 

Two types of OPTIMUM® High Oil Corn (OHOC) were evaluated in Nicholas torn turkeys. Control 
and test feeds were formulated to be isocaloric and isonitrogenous by using OPTIMUM® High Oil 
Corn ME values that were estimated to be 5.88% and 9.8% greater than typical corn. Weight 
gains and feed conversion ratios indicated the OPTIMUM® High Oil Corn nutrient composition 
reflected such performance, and that OPTIMUM® High Oil Corn can be effectively fed to Nicholas 
toms. Based upon feed ingredient prices at the time in Georgia, the two OPTIMUM® High Oil 
Corn grains had added values of $0.24 and $0.44 per bushel above the value of typical corn. 

Objective 

The objective of this study was to evaluate the nutritional value of two types of OPTIMUM® High 
Oil Corn in Nicholas torn turkeys. 



Experimental Procedure 

To the knowledge of the author, this was the first reported study that evaluated two types of 
OPTIMUM® High Oil Corn (6% and 8% oil, separately) in turkeys. A set of five diets (2 starters, 
2 growers, and 1 finisher) was formulated using each of the three corn types (2 OHOC and 1 
typical corn). Starter 1, starter 2, grower 1, grower 2, and the finisher were fed during 0-3 
weeks, 4-6 weeks, 7-9 weeks, 10-12 weeks, and 13-16 weeks, respectively. During each period, 
the three diets were formulated to be isocaloric and isonitrogenous. Starter feeds were pelleted 
and crumbled, while grower and finisher feeds were pelleted only. Dietary energy and nutrient 
levels were similar to those employed in commercial practice and met minimum NRC 
recommendations. 

Poults were started on clean litter at one day of age. Bacitracin (50 g/ton) was used as a growth 
promoter during the study. The three treatments were randomized in a block design and 18 
replicates of 15 poults each were used per treatment. 

The two types of OPTIMUM® High Oil Corn evaluated in this study were estimated to contain 
5.88% (1620 Kcal/LB) and 9.8% (1680 Kcal/LB) more metabolizable energy than typical corn 
(1530 Kcal/LB) fed as a control. 

The study was conducted at Georgia Poultry Research from November 1991 to March 1992 
(GPR192). 

Results 



Effect on live weight, feed conversion, and mortality. 
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Treatment 


Live 

Weight (LB) 


Feed 

Conversion 


Mortality 

% 




Week 




10 


16 


0-10 


0-16 


0-10 


0-16 


Typical corn (1530 Kcal/LB) 


15.3 a 


293 a 


2.03 a 


2.66 a 


6.3 a 


11. l a 


OPTIMUM® High Oil Corn A (1620 Kcal/LB) 


15.4 a 


29.5 a 


2.02 a 


2.62 ab 


6.3 a 


12.2 a 


OPTIMUM® High Oil Corn B (1680 Kcal/LB) 


15.5 a 


29,5 a 


2.01 a 


2.61 b 


7.8 a 


10.7 a 


Means with different superscripts (P<0.05) are significantly different. 



According to the design of this study, if performance of all treatment groups was identical, the 
assumptions of nutritive value employed in formulation would have been confirmed. Since test 
birds in this study performed slightly better than controls, it may be concluded that the nutritive 
(particularly energy) assumptions made at the outset may have slightly underestimated the 
difference in quality between the control and the OPTIMUM® High Oil Corn. 

When feed cost savings and statistically different feed conversions were taken into account, the 
two OPTIMUM® High Oil Corn grains had average added feed values of $0.24 and $0.44 per 
bushel. Prices of corn, animal-vegetable fat, and 48% soybean meal used in this study were 
$6.29, $13.50 and $10 cwt, respectively. The value of OPTIMUM® High Oil Corn will vary 
depending on the replacement value of added fat and soybean meal and the current price of 
corn. 

This study shows expected performance from commercial Nicholas turkeys can be achieved 
when OPTIMUM® High Oil Corn is well formulated into practical type diets. 

References: 

Araba, and N.M. Dale, 1992. Evaluation in turkey rations of corn grain with elevated oil and protein levels and improved amino 
acid profiles. Unpublished data. 
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^Pork Research Trial - AFG6065 
AU6 2 6 2QE ^ Eff ect of OPTIMUM® High Oil Corn on Pig Growth and Carcass 



.# Characteristics 



Summary 



A growth and carcass study was conducted to evaluate the effects of replacing typical 
corn with OPTIMUM® High Oil Corn. A total of 96 pigs (48 barrows and 48 gilts) were 
randomly allotted by gender to 24 pens. Pigs were fed from an average body weight of 
approximately 62 pounds to an average of 245 pounds. Diets were formulated on an 
equal energy and lysine basis. A three-phase diet sequence was used. Average daily 
gain average daily feed intake and feed efficiency were similar between treatments. No 
significant differences were detected in final pig weight, hot carcass weight, dressing 
percentage, carcass measurements or estimated lean percentages between pigs fed 
typical corn and OPTIMUM® High Oil Corn (OHOC). Based on the results of this study, 
OPTIMUM® High Oil Corn can replace typical corn and supplemental fat. 

Objective 



Determine the effect of replacing typical corn and choice white grease with OPTIMUM® 
High Oil Corn. 

Experimental Procedure 



Ninety-six pigs (48 barrows and 48 gilts) were randomly allotted by gender to 24 pei 
Treatments consisted of two corn sources, typical corn and OPTIMUM® High Oil Corn 



Table 1. Corn Compositio 


ns (100% dry matter basis). 




OPTIMUM® High Oil Corn 


Typical Corn 


Crude protein, % 


10.10 


8.80 


Crude fat, % 


7.40 


3.80 


Phosphorus, % 


0.27 


0.22 








Lysine, % 


0.31 


0.30 


Tryptophan, % 


0.07 


0.10 


Threonine, % 


0.32 


0.35 
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Pigs were fed a sequence of three diets from an average body weight of approximately 
62 pounds to 245 pounds (Table 2). The typical corn/choice white grease components 
of the feeding program were replaced by OPTIMUM® High Oil Corn. Diets were 
formulated to contain equal nutrient and energy contents. Analyzed nutrient values of 
ingredients were used in formulations. Metabolizable energy content of OPTIMUM® 
Oil Corn was assumed to be 75 kcal/lb more than typical corn based on previous swine 
ME studies. 



Table 2. Com 


position of diets in three-phase diet sequence (As fed basis). 




Phase 




Phase 2 


Phase 3 




OHOC 


Typical 
Corn 
+ Fat 


OHOC 


Typical Corn 
+ Fat 


OHOC 


Typical Corn 
+ Fat 


Moisture, % 


12.34 


11.63 


12.19 


11.80 


13.21 


11.66 


Crude 
Protein, % 


19.42 


19.53 


16.82 


17.06 


13.83 


14.80 


Fat, % 


5.12 


5.06 


5.64 


5.50 


6.21 


5.90 


Lysine, % 


1.13 


1.09 


.94 


.94 


.72 


.73 


Lys:Calorie 
(g lys:Mcai 
ME) 


3.46 


3.4 


2.7 


2.7 


2.1 


2.1 



Pigs were slaughtered at a commercial facility. Backfat depth, loin depth and estimated 
carcass lean were determined by Fat-O-Meater. Tenth rib fat depth and longissimus 
area were measured following a 24-hour chill. Samples of subcutaneous fat from each 
of the four pigs per pen were collected and pooled for fatty acid analysis. 

Results 



Average daily gain, average daily feed intake and feed efficiency were similar among 
treatments. 



Table 3. Feed intake, average daily gain and feed efficiency of pigs. 




Treatments 




Item 


OPTIMUM® 
High Oil Corn 


Typical Corn 
+ Fat 


Coefficient 
of Variation 


Initial weight, lb 


61.6 


61.9 




Final weight, lb 


249.9 


245.3 


2.8 










Daily feed intake, lb 


5.26 


5.21 


6.2 


Average daily gain, lb 


1.89 


1.86 


5.2 


F/G 


2.77 


2.80 


6.2 
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No significant differences were detected in final pig weight, hot carcass weight, 
dressing percentage, carcass measurements or estimated lean percentages between 
pigs fed typical corn and OPTIMUM® High Oil Corn. 



Table 4. Carcass characl 


eristics. 




Treatments 


| 


Item 


OPTIMUM® 
High Oil Corn 


Typical Corn 
+Fat 


Coefficient of 
Variation 


Hot carcass weight, lb 


185.3 


182.8 


7.1 


Carcass yield, % 


74.3 


74.5 


Z.Z 


Backfat depth, in 


1.02 


.98 


25.5 


Loin depth, in 


2.12 


2.15 


11.7 


Carcass lean, % 


50.01 


50.21 


7.9 


10 th rib fat depth, in 


1.16 


1.15 


22.4 


10 th rib longissimus 
area, in 2 


6.92 


6.86 


13.4 



Fatty acid profiles of back fat were different in pigs fed typical corn versus OPTIMUM® 
High Oil Corn. 



Table 5. Fatty acid profile of subcutaneous fat. 




Treatments 




Item 


OPTIMUM® 
High Oil Corn 


Typical Corn 
+ Fat 


Coefficient of 
Variation 


Myristic (14:0), % 


1.16 


1.24 


6.3 


Palmitic (16:0), % 


22.28 


23.47 


3.4 


Palmitoleic (16:1), % 


1.78 


2.38 


30.4 


Stearic (18:0), % 


12.54 


13.20 


6.0 


Oleic (18:1), % 
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AUB 2 6 2QBZ ^T eef Research Report - AFG7004 
% M" 

X ^oem»^ Effec *s of Combinations of Dry Rolled OPTIMUM® High Oil Corn 

and 

High Starch Corn on Performance of Finishing Feedlot Steers 

(Pioneer Livestock Research Center, Polk City, Iowa, 1998) 
Summary 

Yearling feedlot steers were fed various combinations of OPTIMUM® High Oil Corn and 
high starch corn (PIONEER® hybrid 32J55) for 119 days. Steers fed diets containing 
of their grain as OPTIMUM High Oil Corn tended to gain faster (3.14 pounds per day 
vs. 3.07 pounds per day) and had better feed efficiency (6.27 pounds of feed dry 
matter per pound of liveweight gain vs. 6.36 pounds of feed dry matter per pound of 

niS?SSi L 93 '?* 3 ; Steer ! fed high starch corn - However, steers fed mixtures of 
OPTIMUM High Oil Corn and high starch corn tended to consume more dry matter and 
had higher gains than those fed either grain alone. The steers with the best 
performance were those fed 66 percent high starch grain with 34 percent OPTIMUM 
High O.I Corn grain. No effects of grain type on carcass quality measurements were 
detected. 

Objective 

?V5-. e ? ,Ve °u thiS Study was t0 deterr nine the feeding value of dry rolled OPTIMUM 
High Oil Corn when fed in various proportions with a high starch corn on feedlot 
performance and carcass characteristics of yearling steers. 

Experimental Procedure 

fy^m? An9US An 9us-crossbred steers, each initially weighing approximately 
840 pounds, were utilized in a 119-day performance trial. The steers all came from a 
single source and had similar genetic and nutritional backgrounds. Steers were 
randomly allotted (16 steers per treatment) to five diets containing various 
proportions of OPTIMUM High Oil Corn and high starch corn. The five treatments 
evaluated are outlined in Table 1. 



Table 1. Treatments Evi 


iluated 




Ingredient 


| Treatment 


Treatment 
#2 


Treatment 
#3 


Treatment 
#4 


Treatment 
#5 


High Starch Corn, % 


1 100 


66 


50 


34 




OPTIMUM 

High Oil Corn, % 


0 


34 


50 


66 
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The high starch corn grain utilized in this study was PIONEER brand hybrid 32J55 This 
hybrid was selected based on its high starch content. Grain from this hybrid typically 
o°D™L a ^° U u J Percentage units more starch than the average of other hybrids. The 
OPTIMUM High O.I Corn utilized in this study was not isogenic to the conventional 
hybrid fed. Nutrient analysis for the two grains is shown in Table 2. Both grains were 
dry rolled utilizing a Ross Kamp Roller Mill to fracture each kernel into three to four 
p ' e , ces - S } eers were adapted to their final diet during the initial 28 days of the trial 
utihzing four transition rations. Final test diets and nutrient compositions are shown in 
Tables 3 and 4. All test diets were formulated to contain 15 percent roughage (dry 
matter basis) and supply 275 milligrams of Monensin per head per day. Ration and 
ingredient samples were taken three times each week; composites (equal weights) 
from 14-day feeding periods were analyzed for proximate components. All steers were 
implanted with Revalor® -S at the start of the study. Individual shrunk weights (feed 
supply being reduced by half and water withheld for 16 hours prior to weighing) were 
taken on two consecutive days at the start and end of the trial. Full individual weights 
were taken every 14 days throughout the study. Each animal was fed individually 
twice daily utilizing Calan® head gates. Performance data collected included- dry 
matter (DM) intake, weight gain and feed efficiency (feed/gain). Precision Beef 
Alliance of Atlantic, Iowa, collected hot carcass weights and quality measurements 
following harvest. Carcass measurements collected included: hot carcass weight 
y^iyj 3 ^?** 9 *' fat tnickness ' rib eye area and percent kidney, pelvic and heart 
(KPH) fat. Quality grade and percent retail product also were called. Cattle 
performance and carcass data were analyzed by General Linear Model procedure of 
SAS using least square means. Calculated yield grades and marbling scores were 
analyzed by Mantel-Haenszel procedures. 



Table 2. Chemical Analysis of OP 
(DM Basis) 


TIMUM High Oil Corn and High Starch Corn 


Nutrient 


High Starch Corn 


OPTIMUM High Oil Corn 


Dry Matter, % 


87.53 


89.32 


Crude Protein, % 


9.10 


8.89 


ADF, % 


3.60 


3.90 


Oil, % 


3.56 


8.10 


Calcium, % 


.02 


.02 


Phosphorus, % 


.25 


.28 


Starch, % 


72.73 


66.43 



Table 3. Final Diets (DM Basis) 




Ingredient 


Treatment 
#1 


Treatment 
#2 


Treatment 
#3 


Treatment 
#4 


Treatment 
#5 


High Starch Corn, % 


80.00 


53.30 


40.00 


26.70 j 


0.00 


OPTIMUM 

High Oil Corn, % 


0.00 


26.70 


40.00 


53.30 | 


80.00 


Alfalfa Silage, % 


7.50 


7.50 


7.50 


7.50 


7.50 
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j^Aifalfa Hay, % 


7.50 


7.50 


7.50 


7.50 


1 7 - 50 1 


| Supplement, % 


5.00 


5.00 


5.00 


5.00 


5.00 






Table 4. Nutrient A 


analysis of Final 1 


2iets (DM Basis) 


Ml if riAnf 


Treatment 
#1 


Treatment 
#2 


Treatment 
#3 


Treatment 
#4 


i reaLment 
#5 


Dry Matter, % 


I 75.80 


76.25 


76.62 


76.37 


76.52 


Protein, % 


I 14.17 


14.51 


14.41 


13.81 


13.82 


ADF, % 


11.10 


11.60 


11.77 


10.33 


11.20 


Oil, % 


3.53 


4.82 


5.34 


5.69 


6.93 


Calcium, % 


.70 


.75 | 


.75 


.66 


.69 


Phosphorus, % 


.36 


.38 | 


.37 


.36 


.37 



Results 

Feedlot Performance . Steer performance results are shown in Table 5. There were 
no statistical (P>.05) differences between treatments. However, steers fed 100 
percent OPTIMUM High Oil Corn tended to gain faster (3.14 pounds per day vs 3 07 
nnZA P f f V) - T, d had be " er feed efficiency (6-27 pounds of feed dry matter per 
pound of l.veweight gam vs. 6.36 pounds of feed dry matter per pound of liveweight 

S™MHt e h r n S i ir 100 "J? 6 ? hi 9 h „ starch corn " ste ers fed various combinations of 
?*Twnh 9 * , a u d h ' Qh StarCh Corn tended t0 consume more dry matter and 
had higher rates of gam than those fed either 100 percent OPTIMUM High Oil Corn or 
100 percent high starch corn. The best cattle performance was for steers fed 66 
percent high starch corn with 34 percent OPTIMUM High Oil Corn (treatment No 2) 
n^ S Z^ e T- CO H ns 1 u n med 5 P e [ cent more f eed (20.49 pounds per day vs. 19.49 pounds 
per day), gamed 10 percent faster (3.38 pounds per day vs. 3.07 pounds per day) 
and were 3.3 percent more efficient (6.15 pounds of feed dry matter per pound of 

SZttZ Ph V 6 P ° U ? dS ° f feed dry matter per P° und of liveweight gain) than 
steers fed h.gh starch corn alone. Positive associative affects have been noted in 
several previous feedlot studies from feeding combinations of different grain sources. 
Most of such positive associative affects have been attributed to improved rumen 
health and a reduced incidence of sub-clinical acidosis. Feeding supplemental fat in 
SnSn?!, 6 d, 'f S has been shown to reduce the incidence of acidosis. 

sSc^n ^ ?^° , l Cb r f6d iP l hiS StUdy contained m °»-e oil but 5.3 percent less 
?inh n 5 r l tarch COrn ' Thus ' diets "Staining a combination of OPTIMUM 

High Oil Corn and high starch corn would have less starch and thereby should reduce 
the prevalence of acidosis. These data suggest feeding a combination of OPTIMUM 
High Oil Corn with high starch corn may improve performance over feedinq all the 
gram as either OPTIMUM High Oil Corn or high starch corn alone. 



| Table 5. Animal Perfc 


irmance 




| Item | 


Treatment 
#1 


Treatment 
#2 


Treatment 
#3 


Treatment 
#4 


Treatment 
#5 


i i 
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No. Head 


16 


16 


16 


1 

ID 


16 


Initial Weight, lb 


837 


838 


837 


837 


837 


Final Weight, lb 


1,203 


1,240 


1,215 


1,220 


1,210 


Dry Matter 
Intake, Ib/d 


1 Q 4Q 




19.87 


20.23 


19.27 


Averaap Dailv 
Gain, lb 


■a n ~r 
O.U/ 


3.38 


3.17 | 


3.22 


3.14 


Feed/Gain 


6.36 


6.15 


6.35 | 


6.40 | 


6.27 



f^ fC o.ff^ afacte " st/cs - Carcass data ar e presented in Table 6. No significant 
(P>.05) differences were observed between treatments in any carcass trait Steers 
receiving the 66 percent high starch corn plus 34 percent OPTIMUM High- Oil Corn 
mixture tended to have heavier hot carcass weights, higher dressing percentages and 
more subcutaneous fat than steers fed other diets. Research from Idaho indicated the 
percentage of carcasses graded Choice was 31 percentage units greater for steers fed 
dry rolled OPTIMUM High Oil Corn than for steers fed typical corn (78 percent of the 
steers fed OPTIMUM High Oil Corn graded Choice; 47 percent of the steers fed the 
control corn graded Choice). In this trial, no differences in marbling were detected 
More research is needed to examine the effects of OPTIMUM High Oil Corn on 
marbling scores of finishing beef cattle. Certain genetic strains of cattle may be more 
responsive to OPTIMUM High Oil Corn in terms of marbling scores 



Table 6. Carcass Characteristics 




Item 


Treatment 
#1 


Treatment 
#2 


Treatment 
#3 


Treatment 
#4 


Treatment 
#5 


Hot Carcass Weight, lb 


772.6 


801.5 


J 778.2 


786.6 


777.4 


Dressing Percent 


64.2 


64.7 


64.10 


64.5 


64.2 


Fat Thickness, in 


.45 


.58 


.42 


.52 


.43 


Ribeye Area, in 2 


13.24 


13.65 


13.02 


12.88 


13.35 


KPH, % 


2.50 


2.31 


2.41 


2.40 


2.30 


Yield Grade 


2.84 


2.66 


2.81 


3.16 


2.74 


Called Grade 
% Choice + 


0.00 


0.00 


0.00 


0.00 


6.67 


% Choice 


13.33 


0.0 


25.00 


6.67 


6.67 


% Choice- 


53.33 


62.50 


50.00 


66.67 


53.33 


% Select+ 


26.67 


31.25 


6.25 


13.33 


20.00 


% Select 


0.00 


0.00 


0.00 


0.00 


0.00 


% Select- 


6.67 | 


0.0 


18.75 


13.33 


13.33 


% Standard 


0.00 


6.25 


0.00 


0.00 | 


0.00 






1 




1 
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Marbling Score* 


J ,3 


l 495 


1 531 


| ,0 


521 


* 500 = low Choice 





Conclusion 



Steers fed 100 percent OPTIMUM High Oil Corn tended to gain faster (3.14 pounds per 
day vs. 3.07 pounds per day) and had better feed efficiencies (6.27 pounds of feed 
dry matter per pound of liveweight gain vs. 6.36 pounds of feed dry matter per pound 
of liveweight gain) than steers fed 100 percent high starch corn. However, steers fed 
mixtures of OPTIMUM High Oil Corn and high starch corn tended to consume more dry 
matter and had higher rates of gain than steers fed either grain type alone. The best 
overall performance was for steers fed 66 percent high starch corn plus 34 percent 
OPTIMUM High Oil Corn. This improved performance from the combination may be 
due to a reduced incidence of subclinical acidosis. These performance differences 
clearly would provide significant economic benefits to the cattle feeder. Additional 
research is underway to evaluate various combinations of OPTIMUM High Oil Corn with 
high starch hybrids to check the repeatability of the results seen in this study. 
OPTIMUM High Oil Corn did not affect carcass quality grades in this study. More than 
60 percent of carcasses in this study graded Choice or better. 

PIONEER® is a Registered Trademark of Pioneer Hi-Bred International, Inc. 

Revalor®-S is a Registered Trademark of Hoechst Roussel Vet. 

Calan® is a Registered Trademark of American Calan, Inc. 

OPTIMUM® is a Registered Trademark of DuPont Specialty Grains 
© 1999, DuPont Specialty Grains 

I Home J. J lop | 

If you have questions or comments, please contact us. 
Copyright © 2002 DuPont Specialty Grains. All rights reserved. 

OPTIMUM High Oil Corn® is a registered trademark of DuPont Specialty Grains. 
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^ . DuPont Specialty Grains 
^ <^Pork Research Report-AFG5002 

■ g Effect of OPTIMUM® High Oil Corn or Added Dietary Fat 
# on p '9 Growth Performance and Meat Quality 

Summary 

The effects of substitution of OPTIMUM® High Oil Corn for typical corn and the effects 
of supplemental fat addition to diets containing OPTIMUM High Oil Corn or typical corn 
on pig growth performance, carcass characteristics and pork quality were evaluated 
Treatments consisted of six dietary regimens in which diets were formulated with 
typical corn OPTIMUM High Oil Corn, typical corn plus Fat Source 1, typical corn plus 
Fat Source 2, OPTIMUM High Oil Corn plus Fat Source 1 or OPTIMUM High Oil Corn 
plus Fat Source 2. Two hundred seventy (270) gilts that weighed an average of 50 
pounds were randomly assigned by weight to 54 pens of five pigs. One of six 
treatments was randomly assigned to pens within a weight block, resulting in nine 
nln'p? M. n iti P u r ^.^nt- ^creasing dietary energy density through the substitution 
of OPTIMUM High O.I Corn for typical corn or by adding fats to diets formulated with 
typical corn or OPTIMUM High Oil Corn improved growth performance. In addition 
pigs consuming diets containing OPTIMUM High Oil Corn had increased loin-eye depth 
This may be due to improved amino acid digestibility of OPTIMUM High Oil Corn Fatty 
acid profiles of pork fat were influenced by dietary fatty acid profile. While there was 
no effect of OPTIMUM High Oil Corn on oxidative stability, taste or shelf life of pork 
products when compared to typical corn, the two fat sources evaluated differed in 
their effects on pork quality characteristics. Based on the results of this study 
increasing dietary energy density with OPTIMUM High Oil Corn results in improved 
animal performance when compared to pigs fed diets with typical corn and no added 
n^rfnr^Z 0 "^ bG * dded £ to OPTIMUM High Oil corn to further improve animal 

performance. There is no effect of OPTIMUM High Oil Corn on pork quality; however 
supplemental feed fats may differ in their effect on oxidative stability, shelf life and ' 
sensory characteristics of pork. 

Objective 

HHZfS?^? ? f thiS ex P eriment w as to evaluate the effects of substitution of 
OPTIMUM High Oil Corn or typical corn and the efforts of supplemental fat addition to 
diets containing typical corn or OPTIMUM High Oil Corn on pig growth performance 
and on carcass and meat quality. 

Experimental Procedure 

Two hundred seventy (270) gilts with a weight of 50 pounds were transported to a 
contract research facility and randomly allotted to pens of five pigs. Treatments were 
randomly assigned to pens. ere 

Treatments consisted of six corn/fat regimens 

1) Typical corn 
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2) OPTIMUM High Oil Corn 

3) OPTIMUM High Oil Corn plus Fat Source 1 

4) OPTIMUM High Oil Corn plus Fat Source 2 

5) Typical corn plus Fat Source 1 

6) Typical corn plus Fat Source 2 

The nutrient compositions of the corn grain used are shown in Table 1. OPTIMUM High 
Oil Corn contained more oil and less crude protein and essential amino acids when 
compared to the typical corn. OPTIMUM High Oil Corn will, on average, have greater 
amino acid density than typical corn; however, the OPTIMUM High Oil Corn and typical 
corn lots used in this experiment were not from the same genetic background. It 
appears that background genetic effects had a greater impact on amino acid 
composition than the high oil corn effect. Actual nutrient compositions were used in 
diet formulation. OPTIMUM High Oil Corn and typical corn plus Fat Source treatments 
(Treatments 2, 3, 4) were formulated to be isocaloric. 



Table 1. Nutrient Composition of Corn (All values are on a dry matter basis.) 


Nutrient, % 


Typical Corn 


OPTIMUM High Oil Corn 


Protein 


9.04 


7.86 


Crude Fat 


4.10 


6.82 


Crude Fiber 


2.43 


2.46 


Ash 


1.4 


1.2 


Calcium 


0.012 


0.012 


Phosphorus 


0.29 


0.26 


riCf KLa 1/ 1 U 


1,773 


1,844 


Amino Acid, g/100 g 




Tryptophan 


0.059 


0.059 


Lysine 


0.297 


0.284 


Histidine 


0.279 


0.243 


Ammonia 


0.212 


0.179 


Arginine 


0.413 


0.369 


Aspartic Acid 


0.552 


0.498 


Threonine 


0.289 


0.255 


Serine 


0.398 


0.332 


Glutamic Acid 


1.440 


1.174 


Cystine 


0.214 


0.187 


Glycine 


0.323 


0.296 


II 
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Alanine 


0.620 


0.531 


Valine 


0.395 


0.340 


Methionine 


0.176 


0.166 


Isoleucine 


0.282 


0.239 


Leucine 


0.999 


0.821 


Tyrosine 


0.340 


0.288 


Phenylalanine 


0.338 


0.277 


Taurine 


0.000 


0.000 


Calculated from Estimate® 3.01 



The fatty acid profiles of the fat sources and the oil in the corn sources are shown in 
Table 2. The two fat sources were selected because of expected differences in fatty 
acid profile with Fat Source 1 similar to beef tallow and Fat Source 2 similar to poultry 
fat. Actual differences in fatty acid profile were smaller than published values. 
Consistent with previous observations corn oil from OPTIMUM High Oil Corn had a 
greater percentage of oleic acid and reduced linoleic acid when compared to typical 
corn oil. 



Table 2. Fatty Acid Profile of Fat and Corn Sources 


Fatty Acid, % 


Fat Source 1 


Fat Source 2 


Oil in 
Typical Corn 


Oil in 
OPTIMUM 
High Oil Corn 


Myristic, 14:0 


1.38 


0.81 


0.0 


0.0 


Myristoleic, 14:1 


0.00 


0.30 


0.0 


0.0 


Palmitic, 16:0 


23.40 


23.79 


13.9 


12.1 


Palmitoleic, 16:1 


3.26 


7.36 


0.0 


0.0 


Stearic, 18:0 


12.09 


6.04 


1.8 


1.9 


Oleic, 18:1 


42.95 


43.67 


25.4 


33.2 


Linoleic, 18:2 


14.18 


15.80 


57.7 


51.6 


Linolenic, 18:3 


0.75 


0.88 


0.9 


0.8 


Arachidic, 20:0 


0.44 


0.22 


0.2 


0.4 


Eicosenoic, 20:1 


0.95 


0.55 


0.2 


0.2 


Iodine Value 


70.34 


78.39 


124.3 


120.2 


1 Iodine Value (%16:1 x .95) + (%18:1 x .86) + (%1 8:2 x 1.732) + (%18:3 x 2.616) + %20:I x .785) 
+ (%22:1 x .723), AOCS 1993 



A three-phase feeding program was used with Phase I diets fed from 50 pounds to 
100 pounds, Phase II diets fed from 100 pounds to 175 pounds, and Phase III diets 
fed from 175 pounds to 240 pounds. The ingredient compositions and calculated 
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nutrient compositions of individual diets are shown in Tables 3 and 4, respectively. 
Lysine-to-calorie ratio was constant within a phase across dietary treatments. The 
OPTIMUM High Oil Corn plus Fat Source 1, OPTIMUM High Oil Corn plus Fat Source 2, 
typical corn plus Fat Source 1 and typical corn plus Fat Source 2 diets were 
formulated to be isocaloric. All diets were pelleted. Feed samples were collected and 
composited for proximate analysis, amino acid composition, fatty acid analysis and 
iodine value calculation. Pigs were allowed ad libitum access to feed. 



Table 3. Composition of Diets 


Phase I 


Inoredient* °/n 


Treatment 


Typical 
Corn 


OPTIMUM 
High Oil 
Corn 


OPTIMUM 
High Oil 

Corn + Fat 
Source 1 


OPTIMUM 
High Oil 
Corn 
+ Fat 
Source 2 


Typical 
Corn + Fat 
Source 1 


Typical 
Corn 
+ Fat 
Source 2 


Tvniral fnrn 


oy .y j 


r\ r\r\ 
U.UU 


0.00 


0.00 


63.68 


63.84 


OPTIMUM Hiah Oil 

Vi/i l J-l IUI 1 1 lfyll vJII 

Corn 


0.00 


70.28 


66.77 


66.65 


0.00 


0.00 


Soybean Meal, 48% 


27.39 


27.04 


28.12 


28.13 


29.65 


29.64 


Rice Hulls 


0.00 


0.00 


0.43 


0.54 


0.00 


0.00 


Fat Source 1 


0.00 


0.00 


2.00 


0.00 


4.00 


0.00 


Fat Source 2 


0.00 


0.00 


0.00 


2.00 


0,00 


3.85 


Salt 


0.250 


0.250 


0.250 


0.250 


0.250 


0.250 


Limestone 


0.461 


0.232 


0.220 


0.219 


0.429 


0.431 


Defl. Phosphate 


1.398 


1.640 


1.645 


1.646 


1.418 


1.416 


TM/Vitamin Pre-Mix 


0.540 


0.540 


0.545 


0.545 


0.549 


0.549 


Antibiotic 


0.025 


' 0.025 


0.025 


0.025 


0.025 


0.025 



Phase II 


Ingredient, % 


Treatment 


Typical 
Corn 


OPTIMUM 
High Oil Corn 


OPTIMUM 
High Oil 
Corn + Fat 
Source 1 


OPTIMUM 
High Oil 

Corn-t- Fat 
Source 2 


Typical 
Corn + 

Fat 
Source 1 


Typical 
Corn 
+ Fat 
Source 2 


Corn 


75.94 


0.00 


0.00 


0.00 


69.70 


69.87 


OPTIMUM High Oil 
Corn 


0.00 


76.48 


73.06 


72.94 


0.00 


0.00 


Soybean Meal, 48% 


21.70 


21.15 


22.09 


22.10 


23.77 


23.75 


Rice Hulls 
i — — i 


0.00 
i 1 


0.00 


0.475 


0.583 


0.00 


0.00 
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Fat Source 1 


0.00 


0.00 


2.00 


0.00 


4.18 


0.00 


Fat Source 2 


0.00 


0.00 


0.00 


2.00 


0.00 


4.02 


Salt 


0.250 


0.250 


0.250 


0.250 


0.250 


0.250 


Limestone 


0.611 


0.360 


0.346 


0.345 


0.574 


0.576 


Defl. Phosphate 


0.954 


1.221 


1.230 


1.231 


0.982 


0.979 


TM/Vitamin Pre- Mix 


0.500 


0.500 


0.500 


0.500 


0.500 


0.500 


Choline Chi, 70% 


0.019 


0.019 


0.025 


0.025 


0.025 


0.028 


Antibiotic 


0.025 


0.025 


0.025 


0.025 


0.025 


0.025 




Phase III 


Ingredient, % 


Treatment 


Typical 
Corn 


OPTIMUM 
High Oil Corn 


OPTIMUM 
Hiah Oil Corn 
+ Fat Source 
1 


OPTIMUM 
High Oil 
Corn 
+ Fat 
Source 2 


Typical 
Corn + 

Fat 
Source 1 


Typical 
Corn 
+ Fat 
Source 2 


Corn 


81.51 


0.00 


0.00 


0.00 


75.36 


75.54 


OPTIMUM High Oil 
Corn 


0.00 


82.31 


78.97 


78.86 


0.00 


0.00 


Soybean Meal, 
48% 


16.27 


15.45 


16.26 


16.27 


18.07 


18.06 


Rice Hulls 


0.00 


0.00 


0.525 


0.633 


0.00 


0.00 


Fat Source 1 


0.00 


0.00 


2.00 


0.00 


4.35 


0.00 


Fat Source 2 


0.00 


0.00 


0.00 


2.00 


0.00 


4.19 


Salt 


0.250 


0.250 


0.250 


0.250 


0.250 


0.250 


Limestone 


0.659 


0.387 


0.371 


0.370 


0.617 


0.619 


Defl. Phosphate 


0.786 


1.077 


1.091 


1.092 


0.821 


0.819 


TM/Vitamin Pre- 
Mix 


0.500 


0.500 


0.500 


0.500 


0.500 


0.500 


Choline Chi, 70% 


0.000 


0.000 


0.000 


0.000 


0.008 


0.008 


Antibiotic 


0.025 


0.025 


0.025 


0.025 


0.025 


0.025 



Table 4. Calculated Compositions of Diets by Phase 




Treatment 
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Typical 
Corn 


OPTIMUM High 
Oil Corn 


OPTIMUM 
High Oil 
Corn 
+ Fat 
Source 1 


OPTIMUM 
High Oil 
Corn 
+ Fat 
Source 2 


Typical 
Corn + 

Fat 
Source 1 


Typical 
Corn + 

Fat 
Source 2 


Phase I 




rrotein, u /o 


18.67 


19.02 


19.25 


19.25 


19.26 


19.27 


Fat, % 


2.5 


4.6 


6.4 


6.4 


6.4 


6.4 


Mc, Kcal/ID 


1495 


1544 


1576 


1576 


1576 


1576 


Lysine, % 


1.02 


1.05 


1.07 


1.07 


1.07 


1 n7 


Calcium, °/o 


0.80 


0.80 


0.80 


0.80 


0.80 


n an 


Phosphorus, % 


0.70 


0.70 


0.70 


0.70 


0.70 


n 7n 


Phase II 






Protein, % 


16.42 


16.73 


16.90 


16.90 


16.91 


16.92 


Fat, % 


2.7 


4.9 


6.6 


6.6 


6.6 


6.6 


M C 1" , . 1 / II— 

ME, Kcal/lD 


1500 


1553 


1585 


1585 


1585 


1585 


Lysine, % 


0.86 


0.89 


0.90 


0.90 


0.90 


0.90 


Calcium, % 


0.70 


0.70 


0.70 


0.70 


0.70 


0.70 


Phosphorus, % 


0.60 


0.60 


0.60 


0.60 


0.60 


0.60 


Phase III 




Protein, % 


14.25 


14.50 


14.61 


14.61 


14.63 


14.63 


Fat, % 


2.9 


5.2 


7.0 


7.0 


7.0 


7.0 


ME, kcal/lb 


1503 


1560 


1591 


1591 


1591 


1591 


Lysine, % 


0.70 


0.73 


0.74 


0.74 


0.74 


0.74 


Calcium, % 


0.65 


0.65 


0.65 


0.65 


0.65 


0.65 


Phosphorus, % 


0.55 


0.55 


0.55 


0.55 


0.55 


0.55 



Individual weights were recorded and feed intakes calculated at the beginning of the 
experiment and at each diet phase change. Average daily gains and feed efficiencies 
were adjusted for culled or dead pigs. 

When the average weight of a treatment replicate reached approximately 240 pounds, 
animals were slaughtered. Hot carcass yield, backfat thickness, loin thickness and 
content were determined. Carcass fat samples were collected for fatty acid analysis 
and iodine value calculation. For quality evaluation, ham samples were collected from 
both sides of three animals per replicate. 

Measurement of Oxidative Stability. The concentrations of 2-thiobarbeturic acid 
(TBA) reacting substances as an objective measure of rancidity were determined in 
fresh ham following storage at 1 degree Celsius or minus 23 degrees Celsius after 0, 
6, 12, 18 and 24 days. 
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Sensory Study. Sensory characteristics of uncured ham were evaluated post-cooking 
and after storage at 2 degrees Celsius for 0 days or 6 days by a trained panel. Ham 
was cooked to an internal temperature of 82 degrees Celsius and cooled for 15 
minutes prior to serving. 

Sheif-life Study. Twenty-four (24) ham samples per treatment were cooked to an 
internal temperature of 82 degrees Celsius, cooled for six hours and then stored at 1 
degree Celsius. Weepage (cumulative fluid loss) and external skin bacteria content 
were determined at 0, 6, 12, 18 and 24 days. Weepage was measured by draining 
and weighing the moisture that accumulated in double-sealed bags, while external 
skin bacteria were determined by bacterial culture techniques utilizing MacConkey and 
Blood Agar split plates. 

Data were analyzed as a complete randomized design using the SAS General Linear 
Model procedure. 

Results and Discussion 

Growth performance results are shown in Table 5. Pigs fed the higher energy diets 
gained weight more rapidly than those fed the typical corn dietary regimen. Efficiency 
of feed utilization was greatest for the pigs consuming the OPTIMUM High Oil Corn 
plus fat diets. 



Table 5. Overall Growth Performance 




Treatment 


Typical 
Corn 


OPTIMUM 
High Oil 
Corn 


OPTIMUM 
High Oil 
Corn + Fat 
Source 1 


OPTIMUM 
High Oil 
Corn + Fat 
Source 2 


Typical 
Corn 4- 

Fat 
Source 
1 


Typical 
Corn + 

Fat 
Source 2 


Carcass 
Value 


Initial Weight, 
lbs 


49.84 


49.82 


49.74 


49.74 


49.84 


49.77 


1.55 


Ending Weight, 
lbs 


238. 6 C 


245.4 bc 


254. 9 ab 


256. 6 a 


248. 6 b 


251. 8 ab 


3.36 


ADG, lbs 


1.70 c 


1.76 bc 


1.85 ab 


1.86 a 


1.79 b 


1.82 ab 


4.18 


Feed: Gain 


3.40 d 


3.35 bcd 


3.28 ab 


3.26 a 


3 35 bcd 


3.31 abc 


2.28 


Mortality, % 


4.44 a 


0.00 b 


0.00 b 


0.00 b 


0.00 b 


4.44 a 




1 Means within a row lacking a common superscript differ (P<0.05) 



Carcass characteristics are found in Table 6. Backfat thickness was greatest for pigs 
fed the typical corn plus Fat Source 1 diets. Loin-eye thickness was greatest for the 
pigs fed the OPTIMUM High Oil Corn dietary regimens. Overall, pigs fed the OPTIMUM 
High Oil Corn dietary regimens were leaner than pigs fed the typical corn treatments. 
This may be due to greater amino acid digestibility of OPTIMUM High Oil Corn. 
Although improved digestibility of amino acids in OPTIMUM High Oil Corn has been 
demonstrated in chick studies, digestibilites of amino acids in OPTIMUM High Oil Corn 
and typical corn were assumed to be the same for diet formulation in this experiment. 



Table 6. Carcass Characteristics 

II = 
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Treatment 


Criteria 


Typical 
Corn 


OPTIMUM 
High Oil 
Corn 


OPTIMUM 
High Oil 
Corn + 

Fat Source 
1 


OPTIMUM 
High Oil 
Corn + 

Fat Source 
2 


Typical 
Corn + 

Fat 
Source 1 


Typical 
Corn + 

Fat 
Source 2 


Carcass 
Value 


Backfat 
Thickness, in 


0.88 d 


0.89 d 


0.96 abc 


0.89 d 


1.00 a 


0 94 bc 


5.61 


Loin eye 

Thickness, 

mm 


44.78 d 


47.82 bc 


47.96 bc 


51.54 a 


45.12 cd 


45.44 cd 


6.98 


Lean Cuts, % 


57 Ogabcd 


59.88 abc 


56.17 cd 


60.72 a 


54.37 d 


56.71 bcd 


6.97 


Yield, % 


71.02 d 


73.34 cd 


74 40 bed 


79.82 a 


72.15 cd 


76.54 abc 


6.53 


1 Means within a row lacking a common superscript differ (P<0.05) 



Fatty acid profiles of backfat and belly fat are shown in Tables 7 and 8, respectively. 
As documented in many other experiments, fatty acid profiles of pork fat reflected the 
fatty acid profile of the dietary regimen fed. 



Table7. Backfat Fatty Acid Composition 1 


Fatty 
Acid % 


Treatment 


Typical 
Corn 


OPTIMUM 
High Oil 
Corn 


OPTIMUM 
High Oil 
Corn + Fat 
Source 1 


OPTIMUM 
High Oil 
Corn + Fat 
Source 2 


Typical 
Corn + 

Fat 
Source 


Typical 
Corn + 

Fat 
Source 1 


Coefficient 
of Variation 
Source 2 


Palmitic 


21. 3 a 


21. 0 a 


20.2 bc 


20.7 ab 


19.9 cd 


21.4 a 


3.2 


Palmitoleic 


2.43 de 


2.30 e 


2.54 d 


2.59 cd 


2.96 ab 


3.03 a 


6.3 


Stearic 


11. 3 a 


10.8 ab 


9 75 cde 


10.1 bc 


9.11 de 


9.91 cd 


10.1 


Oleic 


44. l a 


41. 6 b 


42.9 ab 


43. 6 a 


43. 9 a 


43. 3 a 


3.3 


Linoleic 


16.2 cd 


19. 7 a 


20. l a 


18.5 ab 


19.5 ab 


17.6 bc 


5.1 


Linolenic 


0.70 c 


0.72 c 


0.77 abc 


0.71 c 


0.86 a 


0.82 ab 


5.9 



Total FA 


98.56 ab 


98.70 a 


98.68 a 


98.72 a 


98.62 ab 


98.77 a 


0.14 


UFA 


64.56 f 


65.38 ef 


67.26 bcd 


66.42 cde 


68.11 b 


65.91 def 


2.4 


SFA 


33.99 a 


33.33 ab 


31.40 cde 


32.28 bcd 


30.48 e 


32.86 abc 


5.1 


Iodine Value 


71. 0 C 


74.8 ab 


76. 8 a 


74.7 ab 


77. 3 a 


73.7 bc 


2.4 


1 Means within a row lacking a common superscript differ (P<0.05) 
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Table 8. Pork Belly Fatty Acid Composition 1 




Treatment 


Fatty 
Acid % 


Typical 
Corn 


OPTIMUM 
High Oil 
Corn 


OPTIMUM 
High Oil 
Corn + Fat 
Source 1 


OPTIMUM 
High Oil 
Corn + Fat 
Source 2 


Typical 
Corn + 

Fat 
Source 1 


Typical 
Corn + 

Fat 
Source 2 


Coefficient 
of Variation 


Palmitic 


20. 6 a 


19. 7 b 


19. 0 C 


20.3 ab 


20.4 a 


20.2 ab 


6.3 


Palmitoleic 


2.75 c 


2.65 d 


2.65 c 


2.72 c 


3.06 b 


3.37 a 


9.9 


Stearic 


9 79 cd 


9 03 cd 


8.76 d 


9 09 bcd 


9<46 abc 


8.96 cd 


12.7 


Oleic 


45.9 ab 


43. l d 


44.8 cd 


45.2 abc 


45.0 ab 


45.2 abc 


4.1 


Linoleic 


15. 9 d 


20.9 a 


20. 2 a 


18. 7 b 


17.4 C 


17. 3 C 


7.7 


Linolenic 


0.71 de 


0.79 bc 


0.76 bcd 


0.66 e 


0.75 cd 


0.87 a 


12.0 






Total FA 


98.39 c 


98.63 b 


98.63 b 


99.04 a 


98.47 c 


98.67 b 


0.29 


UFA 


66.43 c 


68.42 ab 


69.42 a 


68.20 ab 


67.05 bc 


67.86 bc 


7.8 


SFA 


31.96 a 


30.21 bc 


29.21 c 


30.84 ab 


31.42 ab 


30.82 cd 


3.4 


Iodine 
Value 


72.4 f 


78. 6 a 


78. 8 a 


76.3 bcd 


74.4 def 


75.2 cde 


3.8 


1 Means within a row lacking a common superscript differ (P<0.05) 



Results of the oxidative stability evaluation of ham are shown in Table 9. The TBA 
values of the ham stored at 1 degree Celsius from pigs fed the typical corn plus Fat 
Source 1 dietary regimen consistently were greater than ham from the other 
treatment groups regardless of storage conditions. This would not be predicted from 
the fatty acid profile of Fat Source 1. Fat Source 1 was more unsaturated (higher IV 
value) than Fat Source 2. Therefore, oxidative stability of pork from pigs fed Fat 
Source 2 would be predicted to be less. This observation suggests factors other than 
fatty acid profile may affect the oxidative stability of pork products. 



Table 9. Evaluation of Oxidative Stability of Uncured Ham - TBA Concentration, mg/kg 1 




Treatment 


Typical 
Corn 


OPTIMUM 
High Oil 
Corn 


OPTIMUM 
High Oil 
Corn + Fat 
Source 1 


OPTIMUM 
High Oil 
Corn + Fat 
Source 2 


Typical 
Corn + 

Fat 
Source 1 


Typical 
Corn + 

Fat 
Source 2 


Coefficient 
of 

Variation 


Days 
Storage 
at 1°C 






1 II II II II II II 1 
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0 


0.42 


0.41 


0.41 


0.42 


0.43 


0.42 


5.48 


6 


1.23 bc 


1.19 c 


1.24 abc 


1.21 c 


1.31 a 


1.25 abc 


6.25 


12 


1.63 c 


1.62 c 


1.71 bc 


1.69 bc 


1.81 a 


1.74 ab 


6.55 


18 


2.36 abc 


2.29 bc 


2.38 abc 


2.31 bc 


2.47 a 


2.41 abc 


6.71 


24 


3.42 cd 


3.40 cd 


3.56 abc 


3 44 bcd 


3.69 a 






Days 
Storage 
at -23°C 








6 


0.10 


0.11 


0.10 


0.12 


0.12 


0.13 


35.12 


12 


0.18 


0.16 


0.16 


0.16 


0.19 


0.19 


37.18 


18 


0.35 


0.31 


0.32 


0.30 


0.38 


0.35 


34.47 


24 


0.40 


0.42 


0.44 


0.43 


0.47 


0.46 


23.06 


30 


0.65 


0.61 


0.67 


0.61 


0.74 


0.71 


24.31 


60 


0.70 c 


0.73 abc 


0.73 abc 


0.70 bc 


0.77 a 


0.76 ab 


8.75 


90 


1.15 


1.16 


1.15 


1.12 


1.23 


1.19 


9.15 


120 


1.48 b 


1.59 ab 


1.54 ab 


1.53 ab 


1.64 a 


1.61 ab 


10.82 


1 Means within a row lacking a common superscript differ (PjcO.05). 



The results of the sensory and shelf-life evaluation of ham are found in Table 10. The 
trained sensory panel used a scoring system that ranged from 1 (very good) to 5 
(very poor). Sensory scores were highest for the added fat diets with the scores for 
the ham from the pigs fed the typical corn plus Fat Source 1 consistently higher than 
other treatments. Statistically significant differences were observed in water loss 
percent and bacterial counts, but these differences are likely not practically important. 



Table 10. Sensory and Shelf-life Characteristics of Ham 1 




Treatment 




Typical 
Corn 


OPTIMUM 
High Oil 
Corn 


OPTIMUM 
High Oil 
Corn + Fat 
Source 1 


OPTIMUM 
High Oil 
Corn + Fat 
Source 2 


Typical 
Corn + 

Fat 
Source 1 


Typical 
Corn + 

Fat 
Source 2 


Coefficient 
of Variation 


Sensory 
Study 2 






Day 0 


2.67 d 


2.80 cd 


3.02 ab 


2.85 c 


3.12 a 


3.08 ab 


5.47 


Day 6 


3.62 e 


3.86 cd 


4.18 ab 


4.00 bc 


4.22 a 


4.08 ab 


5.31 


Shelf-life 

Study 

Water 
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Loss, % 
















6 Days 


1.42 bc 


1.41 bc 


1.47 ab 


1.38 c 


1.53 a 


1.44 bc 


5.28 


12 Days 


2.84 bcd 


2.78 cd 


2.96 ab 


2.76 d 


3.00 a 


2.82 bcd 


5.71 


18 Days 


3.07 a 


2 g^abC 


2.97 ab 


2.85 bc 


3.05 a 


2.90 abc 


6.40 


24 Days 


4.31 a 


4.27 ab 


4.24 abc 


4.08 bc 


4.27 ab 


4.17 abc 


5.40 


Shelf-life 

CfiiHu 

oiuuy 

Bacteria 

(#/mL) 




0 Days 


12.0 


12.3 


12.4 


12.0 


12.2 


12.5 


5.36 


6 Days 


41. 3 C 


38. 2 d 


51.4 a 


47. 8 b 


51. 2 a 


47. l b 


4.99 


12 Days 


125. 0 cd 


120. 8 d 


131. 5 b 


124. 3 cd 


137. 3 a 


133.4 ab 


4.40 


18 Days 


218. l bc 


214. l c 


227. 2 ab 


208.4 C 


232. 9 a 


217. 7 bc 


5.20 


24 Days 


423.0 


421.2 


430.9 


435.3 


436.7 


431.4 


5.49 


1 Means within a row lacking a common superscript differ (P<0.05). 

^aste Panel Score: 1 = Very Good, 2 = Good, 3 = Average, 4 = Poor, 5 = Very Poor. 



Conclusion 

Based on the results of this trial, increasing dietary energy density with OPTIMUM 
High Oil Corn results in improved animal performance when compared to pigs fed 
diets with typical corn and no added fat. In addition, fat can be added to OPTIMUM 
High Oil corn to further improve animal performance. Use of OPTIMUM High Oil Corn 
improved loin-eye depth, likely due to increased amino acid density, and altered fatty 
acid profile of pork fat, but had no effect on oxidative stability, taste or shelf life of 
pork products when compared to typical corn; whereas the two feed fat sources 
differed in their effects on oxidative stability, shelf life and sensory characteristics. 

OPTIMUM® is a Registered Trademark of DuPont Specialty Grains 
© 1999, DuPont Specialty Grains 

I Home ]. | lop | 

If you have questions or comments, please contact us. 
Copyright © 2002 DuPont Specialty Grains. All rights reserved. 

OPTIMUM High Oil Corn® is a registered trademark of DuPont Specialty Grains. 
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fc^ence of Dietary Fat on Carcass Fat Quality 
™ Pigs. A Review V ^ 
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Introduction 

It is well kaowq that the amount and fatty acid 

™£ ^ 0 ,° f rt^nwwi to saturated fatty 
,¥^5* Jf? 1 « the diet is recommended 
^edsnuddelsryretaen, J 986). For tfce carcass fat 

WMabflj ty of the meat, recent investigations focus 

r ettry wflueace oa carets fat quality 

&S ^JS." bree ^ **• casement. feedSJ 
daughter weight and (S 
mteracBOM between these factor? P 

• Nee CJumenien. 
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Jgd fatty acid composition of dietary fay a n »h t 

0 7TSjTf rra f C3 ^ ma » J y recent ones. Review* 
oT oWer uttranxre are gjven by Madsca (1955) and 
Chnsteasen (1962; 1969). 

Materials and methods 

The randomized complete block design has usually 
r£?«r1' *S mQSt *e pjg, were 

»orjesterc), peuued individually from 20 kg until 

»ed consumption were registered each fortnight. 
They were fed twice daily according to a reacted 
regime, and received water ad libitum. 

tdSL^S^HL cnitfc J prowia ' crod « fat, fibre, 
nitrogen-free extracts and ash in the feeds were 
*rtermmed monthly, and fatty acids and IV 2 or 
j umcs durmg each experiment according to sun- 
^procedures (Jakobseu & Weidner, 1973). 

iktWu l£ B !? w V f wc wwanwtion of the 
fct and is defined as the amount of iodine (in g) 

tae rvp (TV- iodine value, P product) as a guide- 
une for maximum levels of specie fats W&SSL 



b'y: DUPONT SPECIALTY GRAINS, 



151 53347002 ; 



08/19J 



7:34; JfitffiUL_#207; Page 19/23 



The I VP i$ calculated as follows; 

tvp » percentage of dictaiy fat x iodine value xO.l. 

At slaughter the lean meat content was measured, 
together with a number of carcass quality charac- 
ters including fatty acid composition and IV of 
backfat. Furthermore, intramuscular fat in the loin 
was measured. The chemical analyses were per- 
formed at the Central Laboratory* Research Centre 
Foulum and at the Danish Meat Research Centre, 
Roskilde. Details of the experimental procedures 
are to be found in the individual publications cited- 



Tatfe Z The effect oi adding skimmed mi* to a diet based on barley 
and water on daily gain and carcass quality in pigs (Mads en at a& 

1970) 



Barkv and water 






Skimmed mSk 






Daily gain, g (20^90 kg) 


722 


284 


Lean meat % 


eao 


4M 


Fat in caitsss. % 


29-3 


43.4 


Fat in lota % 


It 


5.0 



Results and discussion 

Fitty acw composition of dietary fat 

Table t shows the fat concent and the fany acid 
profile of feed components used in the experiments. 
Fatty acids only present in small amounts are not 
given here, but may be found in the publications 
cited. Coconut fat and palm oil are characterized 
by a high content of CI 2:0 (50 and 40%, respec- 
tively), while fat from cereal grains and seeds has 
a relative high proportion of CI 8:2. Ftsfc oil has a 
relatively high content of unsaturated fany acids 
above C20. Madsen et al- (1991b) used one type of 
Ash meal containing 1 1% fat, of which the sum of 
C20:l, C22;l, and C22;6 constituted 40%. More- 
over, Gsh oil and linseed oil are well known for 
their high content of n— 3 fatty acids, 

F*t deposition in pigs 

Adipose tissue in the carcass is located mainly sub* 
cutaueously, less intermuscular^, and very link 
int ra m u scula r ly. The fat deposition is low at birth 
but increases rapidly as the pigs mature. 



In the weight range 20-90 kg the dietary fat 
intake for Danish pigs is approximately 4 kg, but 
the carcass may contain more than 1 5 kg fat. Hence 
at least 1 1 kg fat has been synthesized de novo from 
dietary carbohydrates and protein. Fat deposition 
is the difference between synthesis and mobilisation 
and depends upon the energy intake and intake of 
essential nutrients. As shown in Table 2, the intake 
of protein supplement (skimmed milk) highly influ- 
ences fat deposition in pigs and hence the pro- 
portion of lean to fat m the carcass. 

In the pig, lipid synthesis primarily occurs in 
adipose tissue and glucose is the major precursor 
(Christensen and Gocl, 1972). When the diet con- 
tains increasing amounts of fat, synthesis by the 
pig itself is decreased and more dietary fatty acids 
are deposited in adipose tissue (Jakobsen & Thor- 
bek, 1991). 

The replacement of energy from carbohydrates 
by different fat sources is possible to a large extent, 
Nerby et al (1967) kept 3 month old boars for 13 
months on diets where IG, 20 or 40% of the energy 
originated from lard or butter. Similarly, Morten- 
sen & Bejerboim (1986) replaced 30% of dietary 



g»e i, fig comcm, fany art compoatwn and iodine vibe (W) of experimental feeds 



Crude 

m.% 

taley 15 
Oats, co nv titftam i 54 

Oils, naked JU) 
ScyOwn fneai 3,1 
fas 24 

Animal m * 

Seyaoi • 

fapeseed 41.1 

****** seed 312 

Unseed o| * 

Panel ■ 

Gocamnfu • 

Corn oi « 



■Approximate 100. 



CI 40 


C1&0 


ClM 


CI 01 


CI 62 


CI 03 


IV 


02 


108 


07 


104 


442 


4S 


129 


02 


14J 


IjO 


27.7 


302 


M 


113 


02 


134 


09 


304 


34.7 


iJJ 


108 


04 


103 


42 


119 


SI 4 


08 


135 


02 


116 


22 


109 


403 


OB 


137 


U 


216 


103 


308 


00 


OS 


57 




1O0 


2.0 


29.0 


S1.0 


7ja 


140 


OI 


4,7 


1.6 


502 


21J 


01 


118 


01 


74 


03 


202 


6t£ 


04 


132 


ot 


06 


4J 


20S 


14.6 


513 


182 


12.0 


03 


22 


206 


44) 


01 


29 




00 


5.0 


00 


10 




10 


OI 


104 


1.6 


307 


54.6 


1,7 


127 
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Oct energy (NE) by fat in the growth period 20-90 
kg without affecting performance. 

Like other mammals, pigs arc unable to synthesi- 
ze the essential fatry acids linoleic (Cl8:2»-6) and 
Unolenic (Ct8:3w-3). These fatty adds must there- 
fore be supplied in the din. From these parent fatty 
actds other essential faery acids belonging to the 
*"" 5 famay ' respectively, may be syn- 
thesized in the organism by desaturatioa and chain 
elongation reactions (Cbristensen, 1985), 

The requirement for dietary linoleic acid for nor- 
mal growth rate, feed efficiency, nitrogen and en* 
ergy metabolism is only 0.26% of metabolizable 
energy (ME) according to Cbristensen (1985). 
Further experiments have shown that the dietary 
requirement for linoleic acid depends on the age 
at weaning, the composition of the diet and the 
response parameter implied, and that the require- 
ment to maintain normal physiological and bio- 
chemical functions is not more than 1% of dietary 
energy (Jakobsen. 1990). As is evident from Table 
I. diets based on grain and a protein source poor 
in fat (e.g. soybean meal) win cover the require- 
ment for linoleic acid, whereas alternative feed in- 
gredients poor in fat (e.g. cassava) may not provide 
a sufficient quantity of linoleic acid. The dietary 
requirement for linolenic acid has not yet been 
established in pigs. 

The main fatty acids in. adipose tissue of pigs 
are the long-chain fatry acids 06:0, ClitO and 
C18.-1, which are synthesized in the tissue itself. 
The medium-chain fatty acids CI10 and 04:0 
are deposited in depot fat, if present in the feed, 

XL?°iL. t0 f &niled txteat (PmsKasea, 1962; 
1969). This shows that some selection of dietary 
fatty acids is taking place possibly to regulate 
the fluidity of the fat depots. Linoleic and lino- 
lenic acids are also found la fat depots, if fed to 
the pigs, whereas arachidonic add (C20;4n-6) 
and other C20 and C23 unsaturated fatty acids 
of the n-6 or «-3 family are present in such 
small concentrations that they are not detectable 
by normal gas-liquid chromatography pro- 
cedures. Table 3 shows the fatty acid composition 

HIS* J*. eam P 0Srt >°fl aw value (IV) Cm gflM g 

OM) ofjeaf tat and backfat in pics fed a twiey-seytxan m«t diet 
owwc me srowffl period (Madsen e? 9L 1990a) 



inner tadctat Outer tacWii 



CtftQ 
ci an 

CI 82 
IV 



2R1 
17.3 
30.8 
S.4 
0.6 
S0.7 



25.5 
14.7 

38.JQ 
7.S 
0.7 

SI. 9 



2X8 

12.0 
3S.3 

a* 

aa 

55.9 



Z2t 



and the rv of some fai depots in pigs fed a tra» 
ditioual barley~$oybcan meal diet during the 
growth period (Madsen et al.. 1990a). It is obvi- 
ous that the fatty acid composition of the fat de* 
pots is also dependent on the latter'* position in 
the body, the outer backfat layer being more un- 
saturated than the inner one. This may partly ex- 
plain the increase in C18-2 with decreasing back- 
fat thickness, resulting in softer backfat, which is 
found in the modern lean type of pig. 

Dietary /n//*ve/?c© on the tatty aeid pattern in 

As more unsaturated fatty acids are included in 
the feed, the backfat becomes softer, and other 
undesirable quality characteristics mainly caused 
by oxidation, such as reduced storage stability, 
rancidity, off-flavours and discolouring of the car- 
cass fat, arc also encountered. The risk of oxidation 
is enh a nc ed when producing bacon, because both 
brine and smoke contain oxidative components. 
The trend in human nutrition is towards a higher 
intake of polyunsaturated fatty acids, notably 3 
fatty acids, which are abundant in fish oU, but 
unfortunately these fatty acids will render the fai 
depots soft and oily, with a fishy taste. The follow- 
ing experiments show the possibility of changing 
the fatty add composition of the &t depots and 
thereby the quality of the fat and meat products 
by changing the amount of fat in the feed and the 
fatty acid composition of the dietary fat* 

Several experiments have shown that the satu- 
rated fatty acids (Ci£0-C18:0) have a positive, 
while the monounsaturated (C16:1, CI 8:1) and no- 
tably the polyunsaturated fatty acids (CI SO, 
C18:3) have a negative influence on the firmness 
and cohesjveness of the carcass fat tissue. 

Cbristensen (1963) replaced 30% of the dietary 
energy in a control diet with either coconut fat or 
soya oil. He found that only small amounts of 
C12:G and CI4:0 from coconut fat were retained 
in the backfat, while large amounts of CI 83 and 
C18 J were retained from the soya oil. The control 
group bad an rv of 47 in the backfat compared 
with 35 in the coconut fat group and 97 in the soya 
oil group. While coconut fat resulted in a very firm 
consistency, the soya oil gave very soft backfat. 

Madsen et al. (1977) reported that pigs on bi*b 
animal-fat diets had very soft backfat compared *to 
pigs on hydrogenated fat, which gave hard, snowy 
backfat. Colour, taste and storage stability of the 
bacon were also reduced by feeding animal fat. 

Inclusion of 30% linseed oil in the diet, with a 
high proportion of CI 8:3, caused yellow fat and a 
very soft carcass even on chilling (Christensen, ■ 
1969). Table 4 shows the fatty acid composition of 
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vitamins and minerals acoorting to scale. 

1 BasaJ dtot consisted of 851 sucrose. 10* tapioca meal. S% potato 
mttu Qam was una u prate* source. 1% sunflower 08 was 
added as a sauna of fratec acid. 

• 301 of Oiewy «way sutatftrina baney. 
Not detected. 



hack fat from pigs fed 30% coconut fat, soya oil 
or unseed oil in their diets compared to a virtually 
fat-free and a traditional barley-soybean meal diet. 

Banon-Gade (1987) examined the fat quality is 
boar*, castrates and gilts, asd found that IV above 
70 can be used as an indicator of soft fat The 
jodwe value was highest in boars, mainly due to a 
higher knotac acid contest. 

Madien « al (1990b) replaced a bariey-soybcan 
meal diet partly by alternative feeds such as oats. 
?»!*?eed sunflower seeds. The results shown 
m Table 5 dearly demonstrate the influence on 
wry add composition of the backfat. 

Dietary JVP varied from 37 to 88. The ratio of 
dietary unsaturated to saturated fatty acids ranged 
m>m 1.2 to i l.| and polyunsaturated to saturated 
tatty acids from 0-2 to 0.7. The IV of the backfet 
was sxmlarly influenced and varied from 58 to 84. 
Furthermore, when sunflower seed was increased 
from 0 to 12% in the feed, C2QO, is backfat in- 
creased from 0,5 to 1.2%, Based on these and 
earlier results, the following equation between IV 
m backfat asd dietary IVP was calculated (Fig. I): 
IVa.47.1 +0.14 x IVP/day (#=0.86) 

gfeterballe et al. (1990) supplemented a bar- 
ley-soybean meal diet with 6% fat of varying farcy 
«cid composition. Thus, 15 and 31% of Cl8:2 were 
combined with either 1.5, 3.7 or 6,0% of Cl8:3. As 
cSSSd^S^ "creastog amounts of dietary 
riti j aHL i • wcreascd concentrations of 
CISU and Cl8:3 in the back fat. Consequently, the 
ratio of polyunsaturated to saturated fatty adds 
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increased from (U to 0*6. ami IV mcr&sed from 
55 to 78, 

Licolcaic acid is mamly present ta fisb oil and 
linseed OS, which are not used m Danish diets 
for growmg pigs. Under normal feeding conditions 
Clta ts rtspoosible for increased IV of the backfat. 
As the thickness of backfat has been decreasing 
over the years, but the intake of linoleic acid has 
been onchanged or even increased, it foQows tfcfti 
the relative concentration of CI 8:2 in deposited fat 
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has increased. Therefore, carcass fat is softer in the 
modern type of pig than in oJder ones. 

Limits to certain feeds, tots and oil 

^J^dy mcndoBeo; an IV of more than 70 is 
unacceptable ( Owmg to the soft backfat and reduced 
*orage stability. It is therefore necessary to£t 
the amoun t of certain feeds. Acc^^oouTrS 
suits, *e diet should not contain more ih*T 4% 
rapeseed or sunflower seed. Only 67V« of barlev 
should be replaced by coovendonaj oats? or50% 
by naked oats. Fats and ofi* must be limited tat 

■*£ atTOWC amounts which can be 

JVP m feed mixtures above 160 per day, corre- 
jpondmg to 58 per FUp,- resulted in ii£SSk 

IS 1ZJL l * 7>?« *• proportion of polyunsatura- 

Jttbihry decreases, as does the flavouV and tast? 
However, one has to consider that only pit ofSe 
gf^produced is eaten fresh, d25 S5 

Intramuscular fat (IMF) 

Uan meat with a high content of IMF has better 

factory eating quality. n<H =««7 «r * saqs- 

mflLSi!!?^ 1 10 c " iaUt y' IMF. is strongly 

by Swerics. For example. Dura has 
mo £ IMF than other breeds 5SS*G^m 
_Cas^ted males generally have more WF than 

J^FUp-feed wii for pig* Daw* feed imii for pip <rm fcj 



boars and gilts (Barton-Gade. 1987). Taste charac* 
teristics were slightly inferior in entire mates owjn* 
to the lower IMF content Pigs fed ad libitum 
had similar levels of IMF as restrictedly fed Die 
(Madsen et ah, 1983). * " 

Recently Madsen et ai (1991a) compared five 
protein levels in diets for entire male pigs and 
females. Increasing protein levels decreased IMF 
approximately from 2 to 1%. This confirms the 
earlier results by Madsen et al. (1970) shown in 
Table 2, although the level was quite different. It 
was also observed that pigs with high IMF had a 
paler colour than pigs with lower IMF. As fat 
contributes to the organoleptic quality of pig prod- 
ucts, leanness is not an indicator of the entire eatua 
quality. ° 

Fats and fatty acids have been used to replace 
energy sources without influencmg the lean meat 
content of carcasses (Mohenscn et aU 1983). How- 
ever; the IMF content of the loin decreased with 
mcreaang dietary fat supply (Table 7). This table 
also includes some results from experiments with 
^P««d ««* ««5 (Madsen et ai„ 1990b). 

The relationship between the dietary level of 
unoloc and linoieaie acid and the level or IMF 
seems complicated. Recendy 0sterbal!e et aL 
( 199Q) earned out an experiment with feeds supriy- 
»g two levels of C18:2 and three levels of C\M, 
and another experiment with sunflower seeds. The 
results regarding IMF are shown m Table 8. 
In vivo (Christensen, 1969; 1970) and in vitro 

SftuiS^^sSSI* m °" " tr,mu5cuiar * mfi m ** 
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%0m of gran 
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TO»«C1«awCl83 or sunflower s«d (Bstetttf* «t sl 1990) 
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studies (Qmswasca, 1975) suggested 
- muscular lipids may be synthesized in skeletal 
muscle independently of the overall fatty aad syn- 
thesis, and that the synthesis may be regulated by 
duTerent physiological and genetic factors. Accord- 
ing to our results the dietary influence on the con- 
tern of IMF seems very complicated. AS IMF is of 
jreat importance for meat quality, further experi- 
ments must be performed. 

Future investigations 

The daily gain has increased through the years, so 
nowadays pigs are less mature at a given slaughter- 
weight than previously. As consumers continue to 
demand Jess fat and fat with a specific fatty acid 
profile, future investigations must be concentrated 
on utilizing the possibilities of manipulating the fat 
content and fatty add composition of individual 
fat depots. It has been shown that changes can 
occur as a consequence of dietary variations, but 
the physiological upper and lower limits of fat 
amounts and fatty acid composition must also be 
established from an animal welfare point of view. 
Furthermore, it must be investigated whether IMF 
can be deposited indeperoly of other fat depots. As 
IMF disappears from the muscles, how do cellular 
lipids, which are mainly phospholipids and choles- 
terolesters, influence the meat quality? More re* 
search is needed on regulatory factors in f« metab- 
olism of the lean pig. 
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Effect of Feeding OPTIMUM® High Oil Corn on Pellet Quality, 
Broiler Performance and Carcass Traits 



Summary 



A study (Collins et aL, 1999) was conducted to evaluate broiler chicken live 
performance and carcass characteristics of broilers fed OPTIMUM* High Oil Corn and 
typical corn with calculated and determined apparent metabolizable energy (AMEn) 
content. Treatments consisted of four dietary regimens; 1) typical corn with determined 
AMEn content; 2) typical corn with calculated AMEn content; 3) OPTIMUM High Oil 
Corn with determined AMEn content; and 4) OPTIMUM High Oil Corn with calculated 
AMEn content. A total of 640 day-old male broilers were assigned randomly to each of 
the four dietary treatments, Each treatment was replicated eight times with 20 birds 
per floor pen. Broilers were fed a three-phase program, beginning with a starter diet 
fed as crumbles from one to 21 days. From 21 to 42 days, broilers were fed a 
pelletized grower diet, and from 42 to 49 days broilers received a pelletized finisher 
diet. Broiler performance was measured at 1 to 21 , 21 to 42 and 42 to 49 days of age, 
followed by processing at day 49. Corn energy calculation versus direct determination 
had no apparent impact on broiler live performance or carcass characteristics, with the 
exception of slight shifts in the levels of palmitic and stearic fatty acids in thigh meat. 
Adjusted feed-to-gain rations were significantly improved for broilers fed starter diets 
formulated with OPTIMUM High Oil Corn. In this study, corn type did not significantly 
affect carcass weight, abdominal fat pad yield, breast meat weight or carcass yield. 
Additionally, corn type did not significantly affect the body weight of broilers at each 
stage in the study The OPTIMUM High Oil Corn diets caused slight, but significant, 
reductions in levels of palmitic, palmitoleic, oleic and linolenic fatty acids and increases 
in stearic and linoleic fatty acid levels compared to the fatty acid profile of thigh meat 
from broilers fed the typical corn-based rations. This likely is due to the contribution of 
oil from each grain confounded by the degree of fat supplementation required to 
achieve isocaloric rations. Pellet durability also was evaluated in this study. After 5- 
minute sieving by Ro-Tap shaker, 10-minute tumble at 50 rpm and 2-minute sieving, 
pellet durability was improved 15 percent to 20 percent for broiler grower and finisher 
diets using OPTIMUM High Oil Corn. The OPTIMUM High Oil Corn-based diets 
contained less added fat than did the typical corn diets, which could account for a 
portion of the measured improvement with OPTIMUM High Oil Corn. 



The objectives of this study (Collins et aL, 1999) were three fold. First, the study 
compared broiler chicken live performance and carcass characteristics of broilers fed 
OPTIMUM High Oil Corn versus typical corn. Second, the study determined the 
efficacy of estimation of the apparent metabolizable energy (AMEn) by regression 
equation or by direct determination of AMEn for OPTIMUM High Oil Corn and typical 
corn. Finally the study compared pellet durability of OPTIMUM High Oil Corn and 
typical corn. 



Experimental Broiler diets were formulated with OPTIMUM High Oil Corn to be 

Procedure isocaloric/isonitrogenous with typical corn-based feeds. The determined AMEn values 

(Table 1) for the two corns were obtained from a previous study with both broiler chicks 
and mature cockerels (Collins et a/., 1998). The true metabolizable energy (TMEn) values 
for the OPTIMUM High Oil Corn and typical corn were derived from proximate analysis 
data which were then utilized in the equation reported by Araba et a/., (1998). The 
calculated AMEn level was then estimated by assuming 95 percent of the TMEn value to 
represent AMEn (Table 1). Amino acid determinations were conducted on both 
OPTIMUM High Oil Corn and typical corn prior to diet formulation. The treatments were: 
1) typical corn with determined AMEn content; 2) typical corn with calculated AMEn 
content; 3) OPTIMUM High Oil Corn with determined AMEn content; and 4) OPTIMUM 
High Oil Corn formulated with calculated AMEn level. The ingredient and estimated 
nutrient compositions of the test diets are provided in Tables 3, 4, and 5. 

A total of 640 day-old male broilers (Ross x Ross 308) were randomly assigned to each of 
the four dietary treatments. Each treatment was replicated eight times with 20 birds per 
floor pen. Diets and water were provided ad libitum during the 49-day study. A three 
phase feeding system was used: starter (1-21 days), grower (21-42 days) and finisher 
(42-49 days of age). The starter diets were fed as crumbles. The grower and finisher 
diets were pelletized. Broiler performance was measured at 1-21 , 21-42 and 42-49 days 
of age, followed by processing at day 49. Feeds were sampled from all replicate pens 
during each feeding phase with assessment of crumble and pellet durability measured 
according to the ASAE Standard S269.4 (1992). 



Table 1. The AMEn Values for Typical Corn and OPTIMUM® High Oil Corn 

Determined AMEn* Calculated AMEn 

Corn Source: (kcal/kg) / (kcal/lb) (kcal/kg) / (kcal/lb) 



Typical Corn 


3330 ± 130/1510 ± 59 


3320/ 1506 


OPTIMUM High Oil Corn 


3450 ± 150/ 1565 ± 68 


3470/ 1574 



'Collins etai. (1998} 




Table 2, Analyzed Nutrient Profiles of Typical Corn and OPTIMUM* High Oil Corn* 


Nutrient 


Typical Corn 


OPTIMUM High Oil Corn 


Crude Fat, % 


3.7 


6.7 


Crude Protein, % 


8.5 


9.6 


Crude Fiber, % 


2.4 


2.9 


Ash, % 


1.2 


1.3 


Amino Acids 


Lysine, % 


0.24 


0.27 


Methionine, % 


0.16 


0.19 


Cystine, % 


0.16 


0.21 


Threonine, % 


0.28 


0.35 


Tryptophan, % 


0.06 


0.07 


Fatty Acids (% of Total Fatty Acid Profile) 


C16:0 


9.8 


11.9 


C18:0 


2.7 


2.4 


C18:1 


23.0 


34.8 


C18;2 


60.8 


49.3 


C18:3 


2.8 


0.8 



* Standardized to 88 percent Dry Matter 




Table 3. Ingredient and Nutrient Composition of Starter (Day 1 to 21) Diets 



Ingredients 


Typical Corn 


OPTIMUM* High Oil Corn 




Det. AMEn 1 


Calc. AMEn 2 


Det. AMEn 1 


Calc. AMEn 2 


Corn, % 


55.41 


54.89 


58.71 


57.76 


Soybean Meal, % 


33.10 


33.15 


32.10 


32,30 


Poultry Fat, % 


4.85 


5.30 


2.60 


3.35 


Fish Meal Analogue/ % 


3,00 


3.00 


3.00 


3.00 


DL-Methionine, % 


0.20 


0.22 


0.15 


0.15 


L-Lysine HCl, % 










Other 8 












to 100% 






Analyzed Nutrient Composition 0 


AMEn, Kcal/kg D 


3,230 


3,230 


3,190 


3,250 


AMEn, Kcat/lb 


1,465 


1,465 


1,447 


1,474 


Crude Protein, % 


22.2 


22.6 


22.5 


23.1 


Crude Fat, % 


8.1 


8.3 


7.3 


7.6 


Crude Fiber, % 


2.9 


3.1 


3.0 


3.3 


Ash, % 


6.6 


6.3 


6.1 


5.7 


Lysine, % 


1.13 


1.17 


1.14 


1.20 


Methionine, % 


0.50 


0.52 


0.48 


0.47 


Cystine, % 


0.30 


0.31 


0.34 


0,34 


Threonine, % 


0.85 


0.87 


0.88 


0.91 


Tryptophan, % 


0.27 


0.28 


0.28 


0.28 


Analyzed Fatty Acids (% of Total Fatty Acid Profile) 


C16:0 


18.8 


18.9 


16.0 


16.7 


C16:1 


5.1 


5.1 


2.9 


3.3 


C18:0 


4.9 


4,9 


3.9 


4.1 


C18:1 


35.3 


35.3 


35.9 


36.6 


C18:2 


31.6 


31.5 


37.8 


35.7 


C18:3 1.6 1,6 1.5 1.4 

1 Det. AMEn = Determined AMEn 

3 CaIc, AMEn = Calculated AMEn 

A Pro-Pak, HJ. Baker & Bro., Inc. Stamford, Connecticut. 

"Others = limestone, dicalcium phosphate, salt, coccidostat, vitamin pre mix and microminerals added to meet 
requirements. 

c Nutrients standardized to 88 percent Dry Matter basis. 

"Determined by cup collection method with mature SCWL roosters (n=6). 



Table 4. Ingredient and Nutrient Composition of Grower (Day 21-42) diets 
Ingredients Typical Corn OPTIMUM* High Oil Corn 
Pet. AMEn Calc AMEn Det. AMEn Calc AMEn 



Corn, % 


64.31 


63.81 


68.65 


67.55 


Soybean Meal, % 


26.85 


26.90 


25.25 


25.20 


Poultry Fat, % 


3.50 


4.00 


0.80 


1.65 


Fish Meal Analogue/ % 


2.00 


2,00 


2.00 


2.00 


DL-Methionine, % 


0.08 


0.08 


0.04 


0.04 


L-Lysine HCl, % 










Other 9 




to 100% 






Analyzed Nutrient Composition 0 


AMEn, kcai/kg D 


3,130 


3,230 


3,050 


3,040 


AMEn, kcal/lb 


1,420 


1,465 


1,383 


1,379 


Crude Protein, % 


19.0 


19.4 


20.0 


19.5 


Crude Fat, % 


6.7 


7.0 


6.1 


6.9 


Crude Fiber, % 


3.1 


3.4 


3.1 


3.1 


' Ash, % 


5.5 


5,3 


5.1 


5.2 


Lysine, % 


0.97 


1.03 


0.98 


0.97 


Methionine, % 


0.36 


0.36 


0.36 


0.37 


Cystine, % 


0.30 


0.31 


0,32 


0.32 


Threonine, % 


0.74 


0.78 


0.79 


0.79 


Tryptophan, % 


0.23 


0.23 


0.23 


0.24 


Analyzed Fatty Acids (% of Total Fatty Acid Profile) 


C16:0 


17.6 


17.4 


13.5 


15.0 


C16:1 


4.3 


4.3 


1.2 


2.2 


C18:0 


4.5 


4.4 


3,2 


3.5 


C18:1 


33.9 


33.7 


34.5 


35.8 


C18:2 


35.5 


36.1 


44.5 


40.3 



C18:3 1.5 1,5 1<3 ^ 

A Pro-Pak, HJ. Baker & Bro., Inc. Stamford, Connecticut. 

fl Others = limestone, dicalcium phosphate, salt, coccidostat vitamin premix and microminerals added to meet 
requirements. 



(: Nutrients standardized to 88 Percent Dry Matter basis. 

determined by cup collection method with mature SCWL roosters (n=6). 



Table 5. Ingredient and Nutrient Composition of Finisher (Day 42-49) diets 
Ingredients Typical Corn OPTIMUM" High Oil Corn 
Pet. AMEn Caic AMEn Det. AMEn Calc AMEn 



Corn, % 


69.27 


68.58 


73.94 


73.32 


Soybean Meal, % 


23.75 


23.90 


21.70 


21.75 


Poultry Fat, % 


2.75 


3.30 




0.70 


Fish Meal Analogue/ % 


1.00 


1.00 


1.00 


1.00 


DL-Methionine, % 


0.03 


0.03 


0.01 


0.01 


L-Lysine HCl. % 


0.07 


0.07 


0.10 


0.10 


Other 8 




to 100% 






Analyzed Nutrient Composition 0 


AMEn, kcal/kg D 


3,280 


3,280 


3,280 


3,310 


AMEn, kcal/ib 


1,488 


1,488 


1,488 


1,501 


Crude Protein, % 


17.9 


18.1 


18.1 


18.6 


Crude Fat, % 


5.9 


6.3 


5.6 


6.1 


Crude Fiber, % 


2.8 


3.0 


2.6 


2.7 


Ash, % 


4.4 


5.0 


4.7 


4.6 


Lysine, % 


0.92 


0.92 


0.90 


0.92 


Methionine, % 


0.30 


0.30 


0.32 


0.31 


Cystine, % 


0.28 


0.28 


0.29 


0.31 


Threonine, % 


0.70 


0.69 


0.69 


0.71 


Tryptophan, % 


0.22 


0.22 


0.20 


0.21 


Analyzed Fatty Acids (% of Total Fatty Acid Profile) 


C16:0 


15.9 


16.4 


12.3 


13.3 


C16:1 


3.3 


3.8 


0.4 


1.0 


C18:0 


4.1 


4.2 


2.8 


3.0 


C18:1 


32.3 


32.7 


33.9 


34.6 


C18:2 


40.8 


39.1 


47.5 


44.9 



C18:3 1.5 1.5 1i3 



fi Pro-Pak f H J. Baker & Bro., Inc. Stamford, Connect! cuit. 
°Others = limestone, dicaEcium phosphate, salt, coccidostat, vitamin premix. and microminerals added to meet 
requirements. 

c Nutrient;s standardized to 88 percent Dry Matter basis. 

determined by cup collection method with mature SCWL roosters (n=6). 



The method of corn energy estimation (calculation versus direct determination) had no 
apparent impact on broiler live performance. With the exception of slight shifts in the 
levels of palmitic and stearic fatty acids in thigh meat (Table 7), formulation with AMEn 
values derived by calculation did not significantly impact carcass characteristics versus 
formulation with AMEn values from direct determination. As there were no interactions 
between corn type and method of AMEn determination for any of the other parameters 
measured, only the corn source information is presented. 

Figure 1. Effect of Corn Source on Pellet Durabiltiy 1 




S tar ter G rows r F i n i sh e r 

Crumble Pellet Pellet 



1 5 m in ute staving by Rb-Tap shake r (Starts r = U.S. #12;G towe r/Fi nisher = U.S.#6) 
10 minute tumble at 50 rpm. 2 minute sieve (Starter ~ U.S.* 12; G tower/Finisher = U.S. 48). 



Pellet durability (Figure 1) was significantly (P<0.001) greater for broiler grower and 
finisher diets utilizing the OPTIMUM High Oil Corn. The inclusion of OPTIMUM High 
Oil Corn, rather than typical corn and added feed fat, improved pellet durability in this 
study on the order of 15 percent to 20 percent. The OPTIMUM High Oil Corn-based 
diets, especially the grower and finishers, contained less added fat than did the typical 
corn-based diets (Tables 4 and 5). This could account for a portion of the measured 
improvement in pellet quality with OPTIMUM High Oil Corn. 



Figure 2. Effect of Corn Source on Broiler Average Body Weight 
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The body weights of broilers were not significantly (P<0.05) influenced by the corn 
source fed in this study (Figure 2). 



Figure 3. Effect of Corn Source on Broiler Feed Efficiency 
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Adjusted feed-to-gain ratios (Figure 3) were significantly (P<0.05) improved for broilers 
fed starter diets formulated with OPTIMUM High Oil Corn. The consistent, numerical 
improvements in broiler live performance, as measured by weight gain and feed 
efficiency indicate that the energy estimations for the OPTIMUM High Oil Corn may 
have been slightly low. However as the broilers' live performance did not differ 
appreciably when fed the OPTIMUM High Oil Corn and typical corn rations, the relative 
relationship between the estimated energy values for the two grains was apparently 
close to synchrony. 



Table 6. Effect of Corn Source on Broiler Carcass Traits 





Carcass 
Weight 1 


Fat Pad 
Weight 


Abdominal 
Fat Pad 2 


Breast Meat 
Weight 


Carcass 
Yield 3 


Corn Source 


(g) 


(g) 


(%) 


(9) 


(%) 


OPTIMUM* High Oil Corn 


2050 


49 


2.4 


457 


69.1 


Typical Com 


2041 


51 


2.5 


460 


68.9 


Pooled SEM 


23.4 


1.1 


0.05 


8.5 


0.26 


Statistical Analyses 



Treatment NS' NS NS NS NS 

'Carcass weight includes abdominal fat pad weight. 
^Abdominal fat pad expressed as percent of carcass weight. 
3 Carcass yield expressed as % of 7 week, full-fed weight. 
*NS-Not significant at P<0.05. 



Corn type did not significantly affect carcass weight abdominal fat pad yield 
(grams; %), breast meat weight or carcass yield in this study (Table 6). Again, this would 
indicate the birds did not materially differentiate between the two corn types when the 
energy levels for OPTIMUM High Oil Corn and typical corn were properly estimated 
and the dietary formulations altered accordingly. 



Table 7. Effect of Corn Source on 


the Fatty Acid Profiles of Broiler Thigh Meat 




Palmitic 


Palmitoleic 


Stearic 


Oleic 1 1 


Linoleic 2 


Linolenic 




C16:0 


C16:1 


C18:0 


C18:1 


C18:2 


C18:3 






(% of Total Fatty Acid Profile) 






Corn Source 


OPTIMUM* High Oil Corn 


23.0 


5.4 


6.3 


38.7 


22.0 


0.8 


Typical Corn 


23,6 


7.2 


6.0 


39.2 


19.4 


0.9 


Formulation Type 


Determined AMEn 


23.5 


6.2 


6.2 


38.9 


20.5 


0,8 


Calculated AMEn 


23.2 


6.4 


6.1 


39.0 


20.8 


0.8 


Statistical Analyses 


Corn Treatment 






* * * 


* + * 


*** 


+** 


Formulation Treatment 




NS 


* 


NS 


NS 


NS 


Pooled SEM 


0.10 


0.05 


0,04 


0.08 


0.15 


0.01 



*P<0.05 
***P<0.001 

NS=Not significant at P<0.05 
'Main effects interaction (P<0.01) 
'Main effects interaction (P<0.05) 



The OPTIMUM High Oil Corn diets caused slight, but significant, reductions in levels of 
palmitic, palmitoleic, oleic, and linolenic fatty acids and increases in stearic and linoleic 
fatty acid levels in comparison to the fatty acid profile of thigh meat of broilers fed the 
typical corn-based rations (Table 7). These alterations in the fatty acid profile of the 
thigh meat are likely a reflection of the contribution of oil from each grain confounded 
by the degree of fat supplementation required to achieve isocaloric rations. Indeed, 
other than slight shifts in the relative levels of stearic and oleic acids, the fatty acid 
profiles of the thigh meat are very close to what would be predicted from the fatty acid 
compositions of the grower and finisher rations (Tables 4 and 5). 



Conclusions 



Based on the results of this experiment, using OPTIMUM High Oil Corn in rations with 
lower supplemental fat inclusion improved pellet durability compared to typical corn. 
Additionally, thigh meat fatty acid profiles were significantly influenced by diet. Diets 
formulated to meet equivalent metabolizable energy and nutrient specifications, 
regardless of corn source, produce similar results in broiler performance and carcass 
characteristics. Finally, estimation of the AMEn of OPTIMUM High Oil Corn and typical 
corn by calculation from proximate analytical data produced equivalent responses in 
terms of most broiler live performance and carcass traits to direct AMEn determination. 
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